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GENERAL @@ ELECTRIC 


COMPUTER DEPARTMENT 


PREFACE 


This manual covers the aspects of programming the General Electric DATANET-30 Communi- 
cations Processor, The assumptions are that the individual doing the programming is already 
familiar with programming techniques, and has a comprehensive understanding of the communi- 
cations system in which the DATANET-30 is operating. 


References to be used in addition to this manual are the DATANET-30 system manual and the 
glossary of terms of the X3.3,2 committee of the American Standards Association, Familiarity 
with these documents is important before proceeding into the actual programming of the 
DATANET-30, 


This manual supersedes CPB-1019, dated January 1964. 


Comments on this publication may be addressed to Technical Publications, Computer Department, 
General Electric Company, P, O, Box 2961, Phoenix, Arizona, 85002, 


(c) 1964, 1965 by General Electric Company 


DATANET = 50 


CONTENTS 


Page 
I, GENERAL DESCRIPTION 
EMG: WICIMOVY<: \5.25 % Seeasths eo gi hale tes arto, St iron we Bes, Getah anieg e ak I-1 
ie Buller. SClCClON 5.) scents dt Way die ep ace wi Gees A ae he ae -2 
The Bit Buffer Unit Module (BBU) -2 


CN CUA 5 ceed, ods desea Path denier aes e> aah Be Uh es id we wi ek 
Bit Dutier: Channel (BBC ) avg ig ok oe toe ng 9 Seco ee eed 
The Character/Word Buffer Unit (CWU930)................. 
The Character Buffer Channel (CBC930) 
The Word Buffer Channel (WBC930) .................. 
The Character/Word Buffer Unit (CWU931) 


General 


oe e¢ @ @# @# @® @© @# @® @ @® © @ @® @ @® @# @ @© @ @ @® 6© @ @® e@ e @#® @® @#® @#@ e® @e® @ oe @ 


oe ec 8 ce @ @ @ @ @ @ @#® @ 8 @ 


The CIU-930 Computer Interface Unit 
The CIU-931 Computer Interface Unit 
The Controller Selector Unit (CSU931) 
Data Communications Processor 


Cr Pe 


ee ee ee 
{ 
ITOH PP H PWWD DH 


Pe OWN wk aiace ea eesti atc oes eth tah Maca metic ale dome ad 
Detailed Block Diagram. cog cuce tay eh Cae a Ma ew I-10 
Des@hiplion Of Resi te Se ng ca canis da ceva 3 ansdvoism det share ares I-10 
Instruction Cycles ......................0 022 eee. 1-17 
Perforated Tape Reader |... 11... ....s esse eel lee. 1-22 
HAV GW Ale OAC ging i. Gee. 5 lites steele ee ead eccrine ee os he'd Lada I-22 
The Elapsed Time Clock (Q-counter), ..,.............. I-23 
The Q-counter and Hardware Load _,...,.............. I-23 
AISEDUCTIOM: FOU MIS: se og: an, thom, ie Ra gs da. BGAN oh, Sow Alan He I-24 
NONGeREKal MISEMUCHIONS © gg. ce wna: od tet Drow sei ican dh: Vise aaa ains I-24 
GONeL A INSUIUCUICI Ss aw. 5 esa. 4 aut arated & Gaya eer bra S Sob ase I-25 
Representation of Information in Memory, ,,.,...,........... I-26 
Alphanumeric Data .............000+-0. 0000020, 1-26 
NUMOMIC! DAG). 5 es anomie whack tl doth ice re Hig eA ei aie Beko 1-247 
Double Length Binary Data ..... LL i ee ee I-29 
i. INSTRUCTION REPERTOIRE 
Tevernal IisteUC AON: og ict st.ccl ah ee 9.4 Sinks as Ma Mea a oa pe aves il-1 
Pseudo-Operations..................0 000 elle 1-2 
Load: INStrueHiOne: 4.5. j.4.846 2 Biguis 2 dowd ae eave eae 2 -3 
BEORE: MIGERUCLIONGS 2 us. tcc: ea essed dat Gein entenstcals asin Sy ae Renee steed It-5 
PAT AUIMVELIC: MUSUTUCHIONS 5. ep deed Kd weed dD OE he: wae ak T-6 
EIOOIC AG EP UC ELON S Soc igo) ci eid ene Ss ew RE Se seas St Bek Il-8 
Register Transfer Instructions .........:8.00c00c0880. II-12 
Branch WnS(ruchions: seu Sak have ele alae Wee aoe ece Ew he See 0-16 
MAC TO=INSURUCTIONS % senior edi we gee aw Seve dO Be Gea Bes I-18 
SP eCIal NSEC HONS x. 5 25 2 sl eg Back ia a en nes Ges a II-22 
Buller Selector InStrucvions: - 5. ora. ae ag toys ee. ase BOO ahs es f-25 
The Option Module Instructions ..............0000008 II-26 


DATANET = 30 


Il. ADDRESSING MEMORY 


General Description 
Detailed Description 


2 ee @® 8&8 © ®@® @ @ *® *@® @ ® @ © © #@ © @ #® © @ @ &# @ # @© @ # © 


re er Se ee 


Program: Bank AGGreSS ie. ose, hawt dae a pra a/en i& Aan B vw ee ks HS 
Common Data Bank Addressing ..........00000 08 eee 
Channel Table Addressing “44.064: me wee Sa wee Seas 
PNCIRECCE AGT CSSINO 6. orig 6 oaucy: beck 4: Gig meen eR ae Bee AS. 


Indexing..... 


ee. ee e@e@ @ @ @ @© @ # ®@® @ ® @ ® @ @ @ © © @ ® @ © @ @ @ @ @ @ @ 


MUDTOULING sin kaCe .. 5 a. eg. te ee are, ee eS aie re, ee we a 
Memory Addressing Using the Assembly Program ....... 


IV. CONTROL CONSOLE 


The Mode Select Pushbutton Switches ...........2000 80288 
ANG ois Te be "C. And? Bution: Soc wae rer'e Aes ws Se Be 
The INSERT MEMORY Button ..............0. 00008 


The DISPLAY MEMORY Button 


2 


The BRROR bhicht-and Buzzers seco nioe eee Oo ae) RAS SRR aes 


Power-On Sequence 


oo e@ © © # &@® @ @ @ 8® @ @® &® #@® @© &© #® @ @ @ @® 8&® @ @ @ @ @® @ &® @® @ 


V. PROGRAMMING CONSIDERATIONS 


Programming The Butlers: «2h 4.4. Ga ob Ne ara iar at Sei a ee 


Service Rate ., 


ee e56oc fe @© © ®@® @® © @ © © ® ® @® © @ ®@8 © @ @® @ ® @ @© @ #@# @ @ @ @ 


Basic. Procrant Cycle 4 2. 6.6-etacs es Fa Skee: ee Sp eee Bek 
FONCEOnal SCOUCNCe. S302 5 wie a Ad we a ee ee weed 


Programming Conventions 


Buffer Operations 


Bit Buffer Channel 
Character Buffer Channel (CBC) 
Word Buffer Channel (BC) 


e 6e¢« © @ @® @® @® @ #® @ &® @ #® 8® 8® &@® &@ @ @ @ @ ® @® e® 8 *® @ 


* # 0e«© 89 #® @® @ e« 8® 8®© @® ® &® @ @ *® @® *#® @ %&* #® @ @®@ @® @ @® @ ® @ @® @® 


ee e¢« ® @® #¢© e&® @® @ © @ @® # @® @ @ @®© @® @® @® @ @ @© @ %® @® #® @ e® 


eo «© e@® e® ¢© ® @® *®* @® @ @ e® e® @# e® e® @® *® @® 


Programming the Perforated Tape Reader.............06+ 
Reading Perforated Tape Under Program Control ........ 
Hardware Load and the Perforated Tape Reader ......... 


Hardware Load Format 


Assembly Programs 
Utility Routines .. 
Programming Aids 


DATANET = 30 


oe @ @ @ @ @ @ @ &® © © @ @ © @ # @ 8© @ &® @ @ @ @ @ 
es e®@® e «© @# © @ @ @ # @® ® @© © @ @ @® @ @ #® @® @ @ @ @® &® & @ @ 
ee ee @# # # ® # ® @ ® @ © @® ® © @® @ ® @® @ @® @®© @# © @® e® #® @ @ 


ee os @® @© @ @ @ #@ @© © %® ® @ @ #® #© #® ® @ @ @® @® @ @® ® @® @® e® *#® # @ 


lv 


Page 


i ot 
ODononmanNnNN nrFaAtADhrrHrH 


Dott ee as 


<“<<d<<<<<<< 
ROWWWWWwND | 


CPB Appendix Title 


Number 
1250 A DATANET-30 General Assembly Program (Run on the GE-225 computer) 
a B* Characteristics Summary 
: C* Instruction Summary 
1251 D Computer Interface Unit (CIU931) 
1252 E Computer Interface Unit (CIU930) 
1253 F Dialing Adapter Unit (DAU930) 
1254 G Common Peripheral Channel (CPC930) 
1255 H Processor Interrupt Unit (PIU930) 
1256 I Dual Access Controller for DSU (DAC) 
1257 J Punch/Reader Unit (PRU930) 
1258 K Card Reader Unit (CRF930) 
1259 L Controller Selector Unit (CSU930) (CSU931) 
1260 M Character Word Unit (CWU931) 


*This manual includes only Appendix B (Characteristics Summary) and Appendix C (Instruction 
Summary). 


Appendices A, D, E, F,...,.M are bound separately and may be ordered as they apply to individual 
customer equipment configurations, 


The above listed manuals may be obtained from: 


Publications - Distribution 
Computer Department 
General Electric Company 
P.O, Box 2961 

Phoenix, Arizona 85002 
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ll GENERAL DESCRIPTION 


The DATANET-30 is a single address, stored program, special purpose, digital computer 
which operates primarily in a straight binary mode but processes both alphanumeric and binary 
information. It performs computation (arithmetic) operations and acts as central control for 
the DATANET-30 system. Programs to be executed and data to be operated upon are stored 
in a magnetic core memory where each core represents a binary digit (bit) of an instruction 
or data word. A word is the basic unit of addressable information in the memory. 


The overall function is to simultaneously receive, store, process and transmit data in a com- 
munications oriented system. 


The system can accommodate any standard transmission speed ranging from 45 to 3,000 bits 
per second. The basic DATANET-30 controls the transmission of digital data information 
Over normal common carrier facilities to either another DATANET-30, a DATANET-15, a 
DATANET-600, or any of the standard Teletype terminal units in use, such as the Automatic 
Send Receive (ASR), Keyboard Send Receive (KSR), or Receive Only (RO) units. 


The instruction repertoire contains 78 basic instructions. The hardware is capable of executing 
up to 144, 000 instructions per second. 


Figure 3 shows the major functional sections of the DATANET-30 Communication System, 
consisting of: 
1. The buffer selector and associated buffer units 


2. The controller selector and associated high-speed controllers 
3. The DATANET-30 Data Communications Processor. 


THE MEMORY UNIT 
The DATANET-30 uses a magnetic core memory to store program instructions, alphanumeric 
information, and binary data. Standard memory units are available in 4096, 8192 and 16,384 


word sizes. Each word consists of 18 bits. An 18-bit word can contain three 6-bit characters, 
two 8-bit characters, or one machine instruction. 
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The memory cycle time is 6.94 microseconds for a read-restore cycle, a clear-write cycle, 
or a read-compute-write cycle. 


During a read-restore cycle, 18 bits of information are read from the memory and transferred 
to the data communications processor. 


During a clear-write cycle, 18 bits of information are transferred from the data communications 
processor and written into memory. 


During a read-compute-write cycle, 18 bits of information are read from memory, changed 
by the data communications processor, and then the new information is written back into memory. 


THE BUFFER SELECTOR 


All units connected directly to the buffer selector are referred to as “buffers.” Information 
flows via the buffers and the buffer selector to and from the data communications processor. 


The buffer selector contains 128 channels numbered 0 to 127. Each buffer occupies one channel 
address of the buffer selector, whether the channel is simplex, half-duplex, or full-duplex. 
The buffer selector channel address for each buffer is established by the wiring of an address 
plug. The address can be changed or new addresses (buffers) added by changing the existing 
plug wiring or inserting a new address plug. The channel addresses in any given buffer module 
need not be sequential. However the addresses for bit buffers must be sequential. Channel 0 
is always reserved for the paper tape reader. 


THE BIT BUFFER UNIT MODULE (BBU) 
General 


The bit buffer units contain a control section and up to ten bit buffer channels. 


The bit buffer unit control section contains hardware that is common to all the bit buffer channels 
in the module. A bit buffer module may terminate from 1 to 10 full-duplex or half-duplex trans- 
mission lines which are all operating at the same bit rate. 


Bit Buffer Channel (BBC) 
The function of a bit buffer channel is to transmit data to and receive data from a remote 


terminal on a bit basis. 


Each bit buffer channel in a module is assigned a buffer selector address by the address plug 
for that module. The address applies to both the receive and the transmit section. The addresses 
for the bit buffers in a module can be whatever is desired for the system and they need not 
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be sequential. Thus, a bit buffer may be added to a module and given an address without disturb- 
ing the existing address arrangement. However, the addresses of all bit buffers must be 
sequential. 


The bit buffer provides the interface between the DATANET-30 and one full-duplex, half-duplex, 
or simplex transmission line on a bit basis. Usually system considerations will limit the bit 
buffer lines to an operating speed of less than 300 bits per second. Standard teletype rates of 
45, 50, 56.26, 75, 110, and 150 bits per second are selected with the timing connector plug. 
The selected bit rate will apply to all the bit buffer channels physically located in that module. 
If more than one bit rate isinuse in an existing system, the different bit rates must be terminated 
in separate bit buffer modules. Since the bit buffer channel communicates with the remote 
terminals on a bit basis, the code level can be different in the separate bit buffers. The code 
level of individual bit buffers is recognized by the program. 


THE CHARACTER/WORD BUFFER UNIT (CWU930) 


The character/word buffer unit module can contain either two character buffer channels (CBC), 
two word buffer channels (WBC), or one of each. Each character/word buffer has a control 
section. 


The Character Buffer Channel (CBC930) 


The function of a character buffer is to transmit data to and receive data from a remote terminal 
on a character basis. Transmission to and from a remote terminal is on a bit Serial, asynchro- 
nous basis. 


The character buffer control unit contains hardware to control the bit rate and character length. 
The character buffers in a module may be operating at different bit rates and different character 
lengths. The standard bit rates are 300, 600, 1200, 1800, 2000, 2400, or 3000 bits per second. 
The code level may be any one of 5-, 6-, 7-, or 8-level codes with start-stop bit synchronization. 
Both the bit rate and code level (character length) may be selected or changed by means of a 
connector for each buffer. The timing connector plug is available in any one of the standard 
bit rates. The code level plug is available for 5-, 6-, 7-, or 8-level codes. Thus, by changing 
plug connectors, both bit rate and code level may be changed to suit changing remote terminal 
operations. 


One character buffer channel provides the interface between the DATANET-30 and a half- 
duplex transmission line. 


Usually, a character buffer channel operates with a character oriented device at speeds higher 
than 300 bits per second. At this higher rate it is necessary to have some kind of digital subset 
(DSS) on each end of the transmission line. 
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The Word Buffer Channel (WBCS9S30) 


The function of a word buffer channel is to transmit data to and receive data from another 
DATANET-30 or a DATANET-600, 


The word buffer can operate at the same standard bit rates as the character buffer, The bit 
rate is established by a timing connector plug, The word length is not variable. It is established 
at 18 bits for a DATANET-30 word, plus one parity bit and one control bit, giving a total of 20 
bits per word. This word length is established by a 20-bit code level connector, The DATANET- 
600 word is similarly established at 14 bits, 


THE CHARACTER/WORD BUFFER UNIT (CWU991) 
General 


The character/word buffer unit module can contain two character buffer channels (CBC), Each 
CWU occupies one module space, 


The Character Buffer Channel (CBC931) 


The function of a character buffer is to transmit data to and receive data from a UNIVAC 1004 
remote terminal or similar equipment on a character basis, Transmission to and from the 
remote terminal is on a bit serial synchronous basis, One character buffer provides the inter- 
face between the DATANET-30 and a _ half-duplex transmission line, The character buffer 
channel is synchronized by the digital subset connected to the transmission line, 


The character buffer control unit contains hardware adaptable to the character length. The 
character buffers in a module may be operating at different character lengths and speeds. Speed 
is determined by the subset and remote terminal, It is necessary to have a synchronous digital 
subset on each end of the transmission line. The standard bit rates are 2000, 2400 bits per 
second, 


The code level may be from 5 to 16 bit codes with character synchronization (no start/stop bits). 
The code level (character length) is selected or changed by a code level connector for each CBC, 
By changing code level connectors, the code level may be changed to meet changing remote 
terminal operations or programming techniques, 


The code level connector defines the bit configuration of the synchronizing character, the number 
of bits per character and where the receive lines will enter the data bits into the working register 
(A- or B-register), that is, the high- or low-order position of the A- or B-register, The code 
level connector can be arranged to accept two characters (8 level) before setting the receive 
flag, Also, the code level connector can be arranged to mask off a bit. 


DATANET = SO 


[-4 


THE CIU930 COMPUTER INTERFACE UNIT 


For those systems requiring a combination data communication-information processing system, 
a CIU930 Computer Interface Unit is provided. This unit permits attaching a DATANET-30 data 
communication processor to a General Electric Compatibles/200 Information Processing System. 
With this combination, the DATANET-30 is responsible for the communications half of the system, 
while the GE-200 Series system is responsible for the data processing. 


Twenty-one-bit words are transferred in parallel to and from the information processing system 
via the Computer Interface Unit. The memory address is also transferred in parallel from the 
address register in the CIU930 to the processing system prior to the data transfer. 


The CIU allows addressing any location in the central processor memory. The CIU980 connects 
into any channel of the DATANET-30 buffer selector in the Same manner aS any other buffer. 
The buffer selector address of the CIU930 is specified by the wiring of the buffer selector 
address plug for the module. There is no DATANET-30 hardware restriction on the number 
of CIU’s which may be used, other than the physical space occupied. On processing system side 
the CIU930 can connect into any GE-200 Series priority control channel. See Figure 1. 


Datanet=-30 


CIU-930 
Information 
Processing 
System 
Figure i. Computer Interface Block Diagram 
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The CIU can be tested for a busy/not-busy condition by the DATANET-30, This busy/not-busy 
test tells the DATANET-30 whether or not it can put data into the data and address registers 
of the CIU930, and whether or not it can take data from the data register. 


The DATANET-30 communicates with the GE-200 Series central processor only on a memory 
interrupt basis. The DATANET-30, under program control, puts data and address information 
into the CIU to interrupt the central processor, The central processor cannot control the DATA- 
NET-30, as is possible with other peripheral equipment, Since both the DATANET-30 and the 
central processor have stored programs and since the DATANET-30 operates in real time, 
the DATANET-30 must have control and priority between the two programs, For additional 
information, refer to Appendix E of this manual, 


When the information processing system has data for the DATANET-30, it will set a flag ina 
memory location of the central processor, which is periodically interrogated by the DATANET- 
30, When the DATANET-30 is ready to accept the traffic, a control instruction is sent to the 
central processor, the processing system program is interrupted, and the traffic is transmitted 
to the DATANET-30, The DATANET-30 then processes the traffic and sends it on to the designated 
remote station, Thus the information processing system and the DATANET-30 exchange control 
words, instructions, and traffic under control of the DATANET-30, 


THE CIU931 COMPUTER INTERFACE UNIT 


The CIU931 Computer Interface Unit is an 18-bit buffer within the DATANET-30 that provides 
the connecting link between the DATANET-30 and a General Electric Compatibles/400 or 600 
system, The CIU connects into the buffer selector of the DATANET-30 and one standard input/ 
output channel of a GE-400 or -600 Series system, The channel may be either a word channel 
or a character channel. Direction of data flow is under program control, 


The transfer rate is up to 39,000 characters per second or 13,000 DATANET-30 words per 
second, The actual transfer rate will be determined by the DATANET-30 program. 


The CIU permits both the DATANET-30 and the GE-400 or -600 Series computer to execute 
programs concurrently with the transfer of data in either direction. When the CIU accepts data 
from a GE-400 or -600 Series ccmputer, a signal is generated to indicate to the DATANET-30 
program that service is required, The data will be stored in the CIU until the DATANET-30 
program is able to service the request, Conversely, the CIU will request service from the 
GE-400 or -600 Series computer and store the request until the latter can respond. 


All data transferred through the CIU931 is parity checked for accuracy, In the event of a parity 
error, an appropriate signal is generated by the CIU, For additional information, refer to 
Appendix D of this manual. 
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THE CONTROLLER SELECTOR UNIT (CSU931) 


The Controller Selector Unit permits connecting GE-200 Series peripherals to the DATANET-30. 


Eight peripheral equipment controllers may be connected to the controller selector enabling the 
transfer of data to andfrom the DATANET-30o0n a memory interrupt basis. The eight controllers, 
numbered 0-7, operate on a priority basis, with each controller assigned a channel plug number, 
The controller on channel O has the highest priority and channel 7 the lowest. Any controller 
except the printer controller may be assigned to any channel plug, 


The following controller selector channel priority assignment is made, assuming that all types 
of controllers need to be connected. 


Channels 0-1 Single-access disc storage unit controller, Dual-access disc 
storage unit controller, Each controller may have 4 disc storage 
units, 

Channels 2,3,4,5 Magnetic tape controller, Each controller may have 8 tape units. 

Channels 6,7 High-speed printer controller. Each controller may have 1 
printer, 


DATA COMMUNICATIONS PROCESSOR 


Data Flow 


The DATANET-30 is organized on an 18-bit parallel, bus logic arrangement, Figure 2isa 
basic diagram of the principal internal working units of the communications processor, The 
data is transferred from memory to the arithmetic unit or from a working register through 
the lower data bus and the Y-register to the arithmetic unit, The Y-register holds the data 
while it is being processed by the arithmetic unit, After the data has been processed by the 
arithmetic unit, it is sent to the Z-drivers, which are a common distribution center for all 
data coming from the arithmetic unit and going to a working register, memory, control unit, 
or an input/output channel, The plus, zero, and even flip-flops also connected to the Z-drivers 
will reflect the branch conditions of any data sent through the Z-drivers. For example, if a 
word coming from memory and going to a working register is plus, nonzero and odd, the branch 
conditions would be plus, nonzero, and odd, [If the data word was all zeros the branch conditions 
would be plus, zero, and even. From the Z-drivers the data flows along the upper data bus to 
a working register, an input/output channel, or to the memory, according to the instruction 
currently being executed. 


In Figure 3, the buffer selector and controller selector have been added to Figure 2, Data 
coming from a working register, going to a transmit data line, flows under program control 
from a specified register to the lower data bus into the Y-register, From the Y-register the 
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Plus Even 


Upper Data Bus ax 


Arithmetic 
Unit 


Registers 


Working | Memory 


Y-Register 


Lower Data Bus 


Figure 2. Basic Block Diagram 


data flows through the arithmetic unit and the Z-drivers onto the upper data bus, where it is 
then distributed to the buffer selector. The buffer selector then passes the data along to the 
proper output channel. 


Data being received from a specified remote terminal is temporarily stored in a bit buffer, 
word buffer, or character buffer. The buffer selector then passes the data from the receive 
buffer channel through the receive data lines to the lower data bus, where it is then sent to 
the Y-register. From the Y-register the data is sent through the arithmetic unit to the 
Z-drivers, where it is then distributed to the proper working register under program control. 


The flow of data to and from the controller selector follows the same paths as for the buffer 
Selector, with the exception that data going to a high-speed peripheral comes from memory 
and data coming from a high-speed peripheral is put into memory without first going through 
a working register. 


Data flows to and from the controller selector under automatic control of the DATANET-30 
circuitry. 
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Figure 3, Basic Block Diagram 
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Detailed Block Diagram 


The detailed block diagram (Figure 4) shows many more data paths of the communications 
processor, including those for the memory unit, the buffer selector, and the controller selector; 
but the overall pattern of data flow stillapplies. In general, data flows from one or more registers 
to the lower data bus, through the Y-register to the arithmetic unit, to the Z-drivers, and then 
to one or more of the registers connected to the upper data bus. Data may also go from the 
memory to the arithmetic unit at the same time that data is coming from the Y-register. 


The register transfer instructions, a major class of instructions, permit any combination of 
up to six (specific) registers to be combinedin the Y-register, to be manipulated in some selected 
manner, and then have the result putinany combination of up to four (specific) registers. Further 
details of the register transfer instructions are given in the discussion of the instruction reper- 
torie. 


Description of Registers 


This section contains information about each of the blocks on the detailed block diagram. Certain 
conventions are followed: 


First Item: The size of the register. 

Second Item: The abbreviation for the name of the register (no abb. means no abbreviation 
is used).. 

Third Item: A or N, to indicate that the register is accessible or is not directly acces- 


Sible to the program. 


A-Register (18 bits, A, A) 


B-Register (18 bits, B, A) 


The A- and B-registers are the principal working registers of the DATANET-30, They are 
identical and have identical functions and instructions except for the parity network, which is 
connected to the B-register only. 

C-Register (7 bits, C, A) 

The C-register is used to specify a particular input/output channel of the buffer selector. In 
addition the C-register can be used as a normal index register when indirect addressing is used, 
L-Register (14 bits, L, N) 


The L-register contains the address of the next memory location to be accessed, In the single- 
cycle mode, the register will contain the operand address of the instruction last executed, 
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N-Register (7 bits, N, N) 


The N-register is used to facilitate the instruction decoding process. The register contains 
the high-order 7 bits of the instruction to be executed, In the single-cycle mode, the register 
will contain the operation code of the last instruction executed, 


P-Counter (14 bits, P, A) 
The P-counter contains the address of the next instruction to be executed. Some bits of the 


P-counter are used for generating addresses. The P-counter will count up through program 
banks. 


Q-Counter (14 bits, Q, A) 


The Q-counter serves as the elapsed time clock. 


Y-Register (18 bits, Y, N) 


The Y-register is used to form and hold the intermediate operand for an instruction. 


Z-Drivers (18 bits, Z, N) 


The Z-drivers are a common data distribution center for all data coming from the arithmetic 
unit and going to a working register, memory, control unit, or an input/output channel, Data 
passes through the Z-drivers without delay enroute to the destination determined by the instruc- 
tion being executed at the time that the data exists in the drivers, 


Arithmetic Unit (18 bits, no abb., N) 


The arithmetic unit performs the following functions on the contents of the Y- and/or M-registers 
and puts the result into the Z-drivers: 


1. Binary addition 

Logical AND 

Logical OR 

Logical EXCLUSIVE OR 
Shift left, right, circulate 
Bit change 

Address modification. 


ID TB Go 


Branch Flip-Flops (BFF’s, A) 


The plus, zero, and even flip-flops are connected to the Z-drivers. These three flip-flops are 
set at the completion of every nonbranch instruction and will reflect the branch conditions of 
any data passing through the 2Z-drivers. The plus FF (PFF) stores the status of the high- 
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order bit of the result Z(18). The zero FF (ZFF) stores the status of the entire result Z(1-18). 
The even FF (EFF) stores the status of the low order bit Z(1) of the result. The result of an 
operation is available for test on the next instruction. When the branch is based on contents 
of the C-register, only Z(1-7) are reflected in ZFF and EFF. When the branch is based on 
the internal status lines, only Z(1-10) are reflected in ZFF and EFF. 

Plus Flip-Flop (1 bit, PFF, A) 

The PFF records (for testing) the condition of Z(18) at the end of an instruction. If Z(18) was 


zero, the PFF would be plus; but if Z(18) was one, the PFF would be minus. The notation Z(18) 
refers to bit position 18 of Z -- that is, the high order position of Z. 


Zero Flip-Flop (1 bit, ZFF, A) 


Pea AOR A EON OE Uh ORNS: Seneca aaa ee Eevestn! Sm 


The ZFF records (for testing) the condition of Z at the end of an instruction. If all of the 2 
drivers were zero, the ZFF would be zero; but if any one of the Z-drivers were nonzero, the 
ZFEF would be nonzero. 


Even Flip-Flop (1 bit, EFF, A) 


The EFF records (for testing) the condition of Z(1) at the end of an instruction. If Z(1) was 
zero, the EFF would be even; but if Z(1) was one, the EFF would be odd. 


On double length instructions (AMD, LDD, STD) the branch flip-flops indicate the following: 


Zero 
FF 


Thus, the last word through the Z-drivers can be tested for being: 


1. Plus or minus (sign bit) 
2. Odd or even (numerical sense) 
3. All zeros or not all zeros. 


Insert Switches (18 switches, S, A) 


eae ella aeRO a ae tint rhe Mie AS 


The switches are located on the control console and are described in the discussion of the 
control console, Chapter 4. They can be grated in under program control. 
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Internal Function Drivers (10 drivers, IFD, A 

These drivers can activate special control functions. These functions are listed under “Special 
Instructions” as the Drive Internal Function (DIF) instructions. 

Internal Status Lines (10 lines, ISL, A) 


These lines are used to test the status of various special conditions. These conditions are 
listed under “Special Instructions” as the AND Internal Status (NIS) instructions. 


THE MEMORY UNIT 


M-Register (18 bits, no abb., N) 

The M-register is the memory output register. References to M in many places in this manual 
refer to the contents of a memory location, which is actually made available in the M-register, 
In the single-cycle mode, the register will contain the contents of the last memory location 
accessed as specified by L, 


Memory Drivers (18 drivers, no abb., N) 


The memory drivers are used to write a new word into the memory and to regenerate a word 
when it is read out of the memory. 


Memory Address Lines (14 lines, no abb., N) 


These contain the address of the memory location being accessed. 


THE BUFFER SELECTOR 


Receive Data Lines (21 lines, R, A) 


These lines are used to receive data from all buffer units on the buffer selector. 


Transmit Data Drivers (21 drivers, T, A) 


These drivers are used to send data to all buffer units on the buffer selector. 


External Function Drivers (10 drivers, EFD, A) 


These drivers are used to send control signals toa buffer unit. The function of each driver 
depends on the particular type of buffer unit. The functions are listed under “Buffer Selector 
Instructions” as the DEF instructions. 
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External Status Lines (10 lines, ESL, A) 

These lines are used to test various conditions ina buffer unit. The condition tested by each 
line depends on the particular buffer unit. The conditions are listed under “Buffer Selector 
Instructions” as the NES instructions. 


Buffer Address Decode (128, N) 


This unit decodes the C-register into a 1 out of 128 signal to select the desired buffer address. 


THE CONTROLLER SELECTOR 
Data Register (21 bits, no abb., N) 


The controller selector data register contains the data being transferred between the controller 
selector and the DATANET-30. 


Address Register (14 bits, no abb., N) 


The controller selector address register contains the address of the next memory location 
to be accessed by the controller selector. 


PARITY NETWORKS (21 bits, no abb., A) 


Although not shown on the block diagram, the parity networks are attached to the B-register 
and consist of a word parity network and a character parity network. 


There are two outputs from the parity network, one for character parity and one for word parity. 
Either output may be tested to check incoming data. The appropriate output is automatically 
sent to a buffer unit when information is transmitted. 


The input to the word parity network consists of the 18 bits of the B-register and the control 
bit 1 and control bit 2 flip-flops. The output of the word parity network is bit 21 and is used 
with the word buffer channel and CIU. The inputs to the character parity network are bits 
1-6 of the B-register and the control bit 1 and 3 flip-flops. The character parity is used almost 
exclusively for generating correct parity on 8-level teletype characters. Each time a word 
is brought into the B-register, the word parity network will generate correct parity on it. At 
the same time, proper character parity will be generated on bits 1-6 of the B-register. 


CONTROL BITS 1, 2 and 3 

The control bits are special-purpose flip-flops and are used as needed. Since there are 21 
receive data lines and the registers are 18-bit registers, the receive data lines 19, 20, and 
21 go to control bits 1, 2, and 3, respectively. Control bit 3 is also referred to as the “parity 
bit.” The following chart shows the instructions and conditions affecting the control bits. 
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Instructions 


BCO 


The paper tape reader also uses the control bits in a special way when reading paper tape 
under program control. 


The transmit data lines use the control bits as follows: 


Transmit Data Lines 


18 1 B-register 


Parity Network 


When transferring data to a word buffer or a CIU, where a parity bit is needed, put a word in the 


B-register, set bits 19, 20, and 21 as required (DIF instructions) and when a Register Transfer 
instruction is executed, the proper parity will go to line 21. 


Set CB3 for even parity in transmitted word. Reset CB3 for odd parity in transmitted word. If 
only 18 bits are used, reset CB1, 2, and 3 before transmitting. 
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Instruction Cycles 


The following examples illustrate typical situations and the flow of information by large lines 
with arrowheads indicating the direction of flow. The steps are numbered to tie in with the 
corresponding explanation. These examples are for one 6.94 microsecond word time each. 


The function the instruction cycle (Figure 5) performs is the initial decoding of the instruction 
and the generation of the desired memory address and its transfer to the L-register. This 
prepares the DATANET-830 for the execution cycles to follow: 


1. 
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B c 
REGISTER REGISTER 
18 ? 


At the very start of the instruction cycle (actually slightly before) the address of the 
next instruction is transferred from P to L. After this takes place, P is incremented 
by plus 1. 

The L-register is transferred to the memory address lines. 


When the instruction is read out, it is transferred from M to N where, in this example, 
a non general instruction is decoded. 


After the instruction is decoded the address modification mode is decoded and the 
correct section of the arithmetic unit enabled (see “Addressing Memory”). 


The desired memory address is transferred from the arithmetic unit to Z. 
The address is then sent to L to prepare for addressing memory on the next cycle. 


Simultaneously with steps 3, 4, and 5, the contents of M are being regenerated by the 


memory drivers. 
PLUS ZERO EVEN 


ADDRESS 


Figure5. Detailed Block Diagram DATANET-30 
Instruction Cycle 
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LOAD A-REGISTER (LDA) EXECUTION CYCLE. This instruction performs the function of 


transferring information from M to A (Figure 6): 


1. The operand address in L is transferred to the memory address lines for accessing 
the memory. 


2. The contents of M are transferred to the arithmetic unit. 
3. The contents of M are transferred through the arithmetic unit to Z. 
4. The contents of M are transferred from Z to A, thus loading A with the contents of M. 


5. Simultaneously with steps 2, 3, and 4, the contents of M are being regenerated by the 
memory drivers. 


6. The branch flip-flops store the plus, zero, and even conditions of the contents of 
memory. 
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Figure 6. Detailed Block Diagram DATANET-30 
Load A (LDA) 
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STORE B-REGISTER (STB) EXECUTION CYCLE, Information is again transferred from B 


to the memory (Figure 7): 


1. The operand address in L is transferred to the memory address lines for accessing 
the memory. 


2. The contents of B is transferred to Y while the memory is being read out and cleared. 
3. Bis transferred from Y to the arithmetic unit. 
4. Bis then transferred to Z. 


5. The contents of B is then transferred from Z to the memory drivers for the generation 
in memory of the new information. 


6. The branch flip-flops store the plus, zero, and even conditions of the contents of B. 
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Figure 7. Detailed Block Diagram DATANET-30 
Store B (STB) 
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ADD MEMORY TO A-REGISTER (AMA) EXECUTION CYCLE, This instruction replaces A 


with the sum of A and M, and regenerates M (Figure 8): 


i 
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The operand address in L is transferred to the memory address lines for accessing 
memory. 


The contents of A is transferred to Y while the memory is being read out. 
The contents of M is read from memory and transferred to the arithmetic unit. 
The contents of A is transferred through Y to the arithmetic unit. 


The binary arithmetic sum of M andAis generated by the arithmetic unit and transferred 
to Z. 


The sum in Z is transferred to A. 


Simultaneously with steps 3, 4, 5, and 6, the contents of M are being regenerated by 
the memory drivers. 


The branch flip-flops store the plus, zero, and even conditions of the binary arithmetic 
sum of A and M. 
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Figure 8. Detailed Block Diagram DATANET-30 
Add Memory to A (AMA) 
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SHIFT RIGHT ONE (SR1) BR,B CYCLE. This instruction performs the Shift Right One (SR1) 


function in one word time (Figure 9): 


1. At the very start of the instruction cycle (actually slightly before) the address of the 
next instruction is transferred from P to L. After this takes place, P is incremented 
by plus 1. 
2. The L-register is transferred to the memory address lines. 
3. When the instruction is read out, it is transferred from M to N where, in this example, 
a general instruction (SR1 BR,B) is decoded. 
4. After the instruction is decoded, the contents of B are transferred to Y. 
0. Simultaneously with step 3, the contents of R are transferred to Y. 
6. The logical OR of B and Ris done in Y and transferred to the arithmetic unit. 
7. The arithmetic unit performs a SR1 function on Y and transfers the result to Z. 
8. The result in Z is transferred to B. 
9. Simultaneously with steps 3, 4, 5, 6, and 7, the contents of M are being regenerated 
by the memory drivers. 
10. The branch flip-flops store the plus, zero, and even conditions of the new contents 
of B. 
Le 
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Figure 9. Detailed Block Diagram DATANET-30 Shift Right 1 Receive Lines 
to B-register (SR1 BR, B) 
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Perforated Tape Feader 


The perforated tape reader will read 5-, 6-, 7-, or 8-level tape under program control, or 
8-level tape under hardware control. When reading is done under hardware control, this is 
referred to as “Hardware Load.” Normally, 8-level tape is used in both cases, See Figure 10. 


The reader is permanently tied to buffer selector address 0, It operates like any other remote 
terminal connected to the buffer selector when under program control, in the sense that it uses 
the external function drivers for control and the external status lines for testing. As information 
is read, it is transferred into input buffer 0 and the receive flag is set to indicate that data is 
present, This flag may be tested by an NES command, 


The primary function of the perforated tape reader is to contain either a bootstrap program to 
be used at the start of a day, or a special restart and error recovery program to be used in the 
event that an error condition develops in the execution of the normal program, 


The secondary function of Hardware Load and the perforated tape reader is to initially load 
the programs into memory, Once the programs are loaded, they may be stored in the disc 
storage unit or on magnetic tape and recalled as necessary. 


The third possible function is to enter data via the perforated tape reader under program control. 
This is not a normal usage, however, and is more of an exception than a rule to the intended use 
of the reader, 


& 
De KRUSE 


eR, 


Hardware Load 


Hardware Load is a process whereby data is trans- 
ferred from the perforated tape reader to memory 
under hardware control. This is used for initial 
loading of programs, for the loading of maintenance 
diagnostics when necessary, and for the automatic 
restart of an operating program upon discovery of a 
fault condition, 


Hardware Load may be initiated in five ways: 
1. Manually from the control console, 
2. By execution of a DIF 4 instruction, 
3. When Q counts down to -32., 
4. When the second LDQ instruction is executed 


after a program interrupt occurs while in 
the operate mode. 


Li ay hi hay 


0. When in the operate mode and a halt occurs, Figure 10, Perforated Tape Reader 
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Hardware Load has a special format. The generation of paper tape in the hardware load format 
is described in the section on programming the paper tape reader. 


The Elapsed Time Clock (Q-Counter) 


The DATANET-30 is a real time data communications processor. Real time programs have 
a periodic nature of operation. The elapsed time clock (the Q-counter) provides an efficient 
technique for achieving this. 


The Q-counter is loaded by the program, and is counted down one each word time. This serves 
as a word/time counter. Q can be loaded with any number between -32 and +16,351. If loaded 
with 16,351, this is equal to approximately 112 milliseconds. 


When Q counts down to zero, a program interrupt is initiated, thus permitting the periodic 
execution of programs at any period up to 112 milliseconds. The Q-counter may be used as 
a relatively accurate real time clock by counting the number of program interrupts when they 
occur. For example, if a delay of 900 milliseconds is desired and the communication lines 
are scanned every 12.5 milliseconds, then a count of 72 interrupts equals 900 milliseconds. 


The Q-counter is a 14-position straight binary counter, If the Q-counter is loaded with a number 
between 16,383 and 16,351, a Hardware Load will occur before a program interrupt. 


The @Q-Counter and Hardware Load 


The Q-counter also serves as a reliability check on the system. When Q counts down to -32, 
the DATANET-30 assumes a circuit failure and automatically initiates loading a restart pro- 
gram by initiating hardware load. Successful operation of the programs depends on preventing 
Q@ from counting to -32 and reading in a restart program. This is achieved in the Program 
Interrupt Routine by loading the Q-counter before it counts down to -32. Also, in the operate 
mode, protection against a “dead loop” which includes an instruction to load the Q-counter, 
has been achieved by counting the number of times the counter has been loaded since the last 
program interrupt. Hardware load will be initiated upon execution of the second Load Q instruction. 
This assures that the Program Interrupt Routine is executed periodically. The Program Inter- 
rupt Routine may be written to check the program and initiate a hardware load if a fault is found. 
This hardware-software feature provides a very adequate check on the proper operation of the 
program. In the event that certain programs do not require a periodic interrupt, this feature 
may be inhibited by the Q-counter switch on the operating panel. 


Upon the completion of loading the restart program, controlis returned to the program and 
the necessary details involved in the restart process are completed. 
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INSTRUCTION FORMATS 


There are two main groups of instructions: 


1. Nongeneral instructions - Those for which the low-order bits specify a memory 
address -- for example, memory reference instructions which may be subject to 
address modification. 


2. General instructions - Those for which the low-order bits contain information to be 
used by the instruction. 


The notation I ( ) refers to the contents of an instruction word. General instructions may 
be recognized by the fact that the three high-order bits, I (16-18), are all zeros. (When expressed 
in octal notation, the general instructions start with a 0 in the high-order position). 


There is one format for nongeneral instructions and three for general instructions (register 
transfer, status line and function driver, and C-register instructions). 


Nongeneral Instructions 


The nongeneral or memory reference, instructions have four fields: 


Operation Code 


Indirect Addressing Bit 
Addressing Mode 


Partial 
Memory Address 


18 13 12 11 #10 9 1 Position in the 
Instruction Word, I 
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General Instructions 


The fields for the three types of general instructions are as follows: 


1. The register transfer instructions have three fields: 


Operation Code 
FROM Registers A,B,C,Q,R,5S,0 


TO Registers A,B,C,T,Z 
i8 17 16 15 12 11 = 10 9 8 7 6 5 4 3 2 1 


2. The status line and function driver instructions have two fields: 


Operation Code 


Which Lines or Drivers 


3. The C-register instructions have two pertinent fields: 


Operation Code 


es oe 
18 15 10 9 8 


The Value I 


7 (0-127) L 
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REPRESENTATION OF INFORMATION IN MEMORY 


Alphanumeric Data 


Each DATANET-30 word can contain three six-bit alphanumeric characters. The 64 possible bit 
combinations can be assigned to 64 symbols in any manner desired, because the DATANET-30 
does not use alphanumeric data as a unique code. Therefore, other system conditions will 
determine the actual bit-pattern-to-symbol assignment. An alphanumeric data word could be 
arranged to look like this in memory: 


lst Character 
2nd Character 


3rd Character 


18 Lo (12 7 6 i 


Each DATANET-30 word can contain two eight-bit alphanumeric characters. The particular 


code set used is dependent primarily on the remote terminals. This word might appear as 
follows: 


Spare lst Character 


2nd Character 


Eight-level teletype characters can be stored conveniently in memory as six-bit characters. 
The DATANET-30 has two special instructions to facilitate stripping off and checking the parity 
and control bits when a character is received, and generation and insertion of parity and control 
bits when a character is to be transmitted. If desired for some applications, two eight-level 
characters could be stored in a word as eight-bit characters including the parity and control bits. 


lst Character 
2nd Character 
3rd Character 
Three 8-level characters 


parity bits. 


18 13 12 3 6 1 
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lst Character 


2nd Character 


Two 8-level characters still containing parity and control bits, where: 


C = Control Bit 
D = Data Bit 
P = Parity Bit 


Numeric Data 


Positive numbers are represented by integers. Negative numbers are represented in the 2’s 
complement form. The DATANET-30 utilizes 2’s complement arithmetic. Therefore, the 
high-order bit is properly thought of as the sign bit, when it is understood that the sign is a 
2’s complement sign, not an algebraic sign. The bits are shown in groups merely to simplify 
the presentation. There is no hardware sign bit in either the A-or B-registers. The sign is 
always programmed. 


~« The Sign (in the two's 
compiement sense) 


The Number 


The number is considered a 17-bit number with bit 18 as the sign bit. In case of overflow 
of a positive number into bit 18 position, the sign changes and goes negative. Conversely, with 


a negative number, bit 18 will change in the event of overflow. This condition is tested with 
a Branch On Plus or Branch On Minus instruction. 
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Examples of binary representation of numeric data are shown below: 


ere 000 O00 000 000 000 O (negative zero is 
not permissible) 
1 


QO O00 CUO OOO 000 101 +5 
13 


Lt La ae | lll lal Oll -5 
1 


-l 
00 000 wrere) 000 000 001 -131,071 (the largest 
negative number) 
Le dee 1 
BL lll aor ded Lll 111 +131,071 (the largest 
: positive number) 
Lo. a i 
00 000 ee 000 000 000 -131,072 is not a 
valid number 
ts. 9 i 
= age Vic ee z - 
2 FS a lAllN Gb J Sy SY 
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Double Length Binary Data 


There are instructions which perform operation on double length words (36 bits), The numerical 
range is increased from (-131,071 to +131,071) to (-34,359, 738, 367 to +34,359, 738, 367), 


These double length words are stored in memory and the registers as below, where M(18), 
A(18) is a “two” complement sign. M must be even for all double length instructions. 


SIGN M M+1 
HIGH LOW 
A B 


The branch flip-flops are treated in a special manner by the three double length instructions 
(LDD, STD, AMD). The plus flip-flop is set on A(18). The zero flip-flop is set on the entire 
36 bits of the double length result. The even flip-flop is set on B(1). The sign is programmed. 
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Hl. INSTRUCTION REPERTOIRE 


There are over 78 basic instructions with many variations of some of them. These are classified 
into three groups: 


1. Internal instructions 
2. Buffer selector instructions 
3. Option module instruction 


INTERNAL INSTRUCTIONS 


The internal instructions are further classified into eight subgroups: 


Load 

Store 

Arithmetic 
Logical 

Register Transfer 
Branch 

Macro 

Special 


MO=A1 0 7 P OP Fe 


In the following discussion, an M in the Operand column means that the instruction refers 
to a memory location. All such instructions use one of the addressing modes; therefore, no 
Specific mention is made of these modes here. 


I or FROM, TO in the Operand column means that the information to be used in executing the 
instruction is made up of the bits in the low-order part of the instruction itself. 


For brevity, the notation I (1-7) will be used for the 7 low-order bits of the instruction word. 
B (18) stands for the high-order bit of B. M stands for all 18 bits of the memory location; 
B stands for all 18 bits of the B-register; C stands for all 7 bits of the C-register, etc. 
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At times the discussion will refer to M as a memory location. It should be understood that what 
is really meant is the effective address -- that is, the memory location specified by M and 
the addressing mode. M is used for brevity. 


The following word times assume that direct addressing is used. Add one additional word 
time when uSing indirect addressing. All instructions that address memory are also indirectly 
addressable. 


Pseudo-Operations 


In addition to the machine instructions in the DATANET-30 instruction repertoire, there are a 
number of pseudo-operations which facilitate programming, Apseudo-operation is not a computer 
instruction. It is a control instruction to the assembly program in assembling a program, and 
it is listed the same as a normal instruction in the preparation of a program. Normally, pseudo- 
operations are never executed by the computer as actual instructions. Pseudo-operations are 
used to generate constants, to control the assembly process, or to annotate the program listing. 
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Load Instructions 


Mnemonic 
LDA 

LOAD A, 
LDB 

LOAD B. 
LDC 

LOAD C. 
LDD 


LOAD DOUBLE. 


LDQ 

LOAD Q. 
LDZ 

LOAD Z. 
CMA 


COMPLEMENT MEMORY TO A. 
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Operand 


M 


Word Times 
2 


The contents of M replace the contents of 
A. The contents of M are unchanged. 


2 


The contents of M replace the contents of B. 
The contents of M are unchanged. 


2 


The contents of M (1-7) replace the contents 
of C. The high-order bits of M are ignored 
and M is unchanged. 


3 


The contents of M (1-18) replace the contents 
of A. The contents of M+1 replace the contents 
of B. M must be even. M and M+1 are un- 
changed. 


2 
The contents of M replace the contents of Q. 
The contents of M are unchanged. 

2 
The contents of M is placed only in Z and the 
branch flip-flops. M remains unchanged. Z 
sets up the branch flip-flops. 

2 
The 1’s complement of the contents of M replaces 


the contents of A. The contents of M are un- 
changed. 


Mnemonic Operand Word Times 
CMB M 2 
COMPLEMENT MEMORY TO B. The 1’s complement of the contents of M 


replaces the contents of B. The contents of 
M remain unchanged. 


PIC I 1 


PLACE I IN C. I (1-7) is placed in C. I is bits 1-7 of the 
instruction. 
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Store Instructions 


Mnemonic Operand 

STA M 
STORE A. 

STB M 
STORE B. 

STC M 
STORE C., 

STD M 


STORE DOUBLE. 


STZ M 
STORE ZERO. 


CAM M 


COMPLEMENT A TO MEMORY, 


CBM M 


COMPLEMENT B TO MEMORY. 


CMM M 


COMPLEMENT MEMORY TO 
MEMORY. 
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Word Times 


2 


The contents of A replace the contents of M. 
The contents of A remain unchanged. 


2 


The contents of B replace the contents of M. 
The contents of B remain unchanged. 


2 
The contents of C are stored in M (1-7). The 


contents of M (8-18) are reset to zero andC 
remains unchanged. 


3 


The contents of A are stored in M and the 
contents of B are stored in M+1l. M must be 
even. The contents of A and B are unchanged. 


A zero is stored in M. 


2 
The 1’s complement of the contents of A is 


stored in M. The contents of A remain un- 
changed. 


2 
The 1’s complement of the contents of B is 


stored in M. The contents of B remain un- 
changed. 


2 


The 1’s complement of the contents of M is 
stored in M, the same memory location. 


Arithmetic Instructions 
Mnemonic 


AMA 


ADD MEMORY TO A. 


AMB 


ADD MEMORY TO B. 


AIC 


ADDITOC., 


AMD 


ADD MEMORY DOUBLE. 


AAM 


ADD A TO MEMORY. 


ABM 


ADD B TO MEMORY. 


ADO 


ADD ONE. 
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Operand 


M 


Word Times 


2 


The contents of M are added to the contents 
of A and the result is placed in A. 


2 


The contents of M are added to the contents of 
B and the result is placed in B. 


1 


I (1-7) are added to the contents of C and the 
result is placed in C. 


3 


The contents of M+1 are added to the contents 
of B and the result is placed in B, and the 
contents of M and a carry from the first are 
added to the contents of A and the result is 
placed in A. M must be even. M and M+l1 are 
unchanged. 


2 


The contents of A are added to the contents of 
M and the result is stored in M. A remains 
unchanged. 


2 


The contents of B are added to the contents 
of M and the result is stored in M. B remains 
unchanged. 


2 


One is added to the contents of M and the result 
is stored inM. 


Mnemonic 


SBO 

SUBTRACT ONE. 
AAZ 

ADD A TO Z. 
ABZ 

ADD B TO Z. 
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Operand 


Word Times 
2 


One is subtracted from the contents of M and 
the result is stored in M. 


2 


The contents of A are added to the contents 
of M. The result in the Z-drivers is placed 
only in the branch flip-flops. A and M are 
unchanged. 


2 


The contents of B are added to the contents 
of M. The result in the Z-drivers is placed 
only in the branch flip-flops. B and M remain 
unchanged. 


Logical Instructions 


The truth table for the logical AND function is: 


Y M 
(A,B,C) (M I) 

@) 0 

0 1 

1 0 

1 1 
Mnemonic Ope rand 
NMA M 


AND MEMORY TO A. 


NMB M 


AND MEMORY TO B. 


NAM M 


AND A TO MEMORY. 


NBM M 


AND B TO MEMORY. 


NAZ M 


AND A TO Z. 
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Word Times_ 
2 


A logical AND is performed with the contents 
of M and the contents of A. The result is placed 
in A. 


2 


A logical AND is performed with the contents 
of M and the contents of B. The result is placed 
in B. 


2 


A logical AND is performed with the contents 
of A and the contents of M. The result is stored 
in M. 


2 


A logical AND is performed with the contents 
of B and the contents of M. The result is stored 
in M. 


2 


A logical AND is performed on the contents 
of A and the contents of M. The result in the 
Z-drivers is placed only in the branch flip- 
flops. A and M remain unchanged. 


Mnemonic Ope rand 


NBZ M 


AND B TO Z. 


NCZ I 


AND C TO Z. 


The truth table for the logical OR function is: 


Y 
(A,B) 


0 
0 
1 
1 


RMA M 


OR MEMORY TO A. 


RMB M 


OR MEMORY TO B. 


RAM M 


OR A TO MEMORY. 
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— Ore © 


Word Times 
2 


A logical AND is performed on the contents 
of B and the contents of M. The result in the 
Z-drivers is placed only in the branch flip- 
flops. B andM remain unchanged. 


1 


A logical AND is performed on I (1-7) and the 
contents of C. The result in the Z-drivers is 
placed only in the branch flip-flops. C remains 
unchanged. 


A logical OR is performed with the contents 
of M and the contents of A. The result is placed 
in A. 


2 
A logical OR is performed with the contents of 
M and the contents of B. The result is placed 
in B, 

2 
A logical OR is performed with the contents 


of A and the contents of M. The result is stored 
in M. 


Mnemonic Operand Word Times 


RBM M 2 
OR B TO MEMORY. A logical OR is performed with the contents of 
B and the contents of M. The result is stored 
in M. 


The truth table for the logical EXCLUSIVE OR function is: 


Y M Z 
(A,B,C) (M,I) (A,B,M) 
0) @) 0 
0 1 1 
1 0 1 
1 1 0 
XMA M 2 
EXCLUSIVE OR MEMORY TO A. A logical EXCLUSIVE OR is performed with 
the contents of M and the contents of A. The 
result is placed in A. 
XMB M 2 
EXCLUSIVE OR MEMORY TO B. A logical EXCLUSIVE OR is performed with 
the contents of M and the contents of B. The 
result is placed in B. 
XAM M 2 
EXCLUSIVE OR A TO MEMORY. A logical EXCLUSIVE OR is performed with 
the contents of A and the contents of M. The 
result is stored inM. 
XBM M 2 
EXCLUSIVE OR B TO MEMORY. A logical EXCLUSIVE OR is performed with 


the contents of B and the contents of M. The 
result is stored in M. : 
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Mnemonic Operand 


XAZ M 


EXCLUSIVE OR A TO Z. 


XBZ M 


EXCLUSIVE ORB TO Z. 


XCZ I 


EXCLUSIVE ORC TO Z. 
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TRUTH TABLES 


Word Times 
2 


A logical EXCLUSIVE OR is performed on the 
contents of A and M. The result in the Z 
drivers is placed only in the branch flip-flops. 
A and M remain unchanged. 


2 


A logical EXCLUSIVE OR is performed on the 
contents of A and M. The result in the Z- 
drivers is placed only in the branch flip-flops. 
A and M remain unchanged. 


1 


A logical EXCLUSIVE OR is performed on I 
(1-7) and the contents of C. The result in Z 
is placed only in the branch flip-flops. C re- 
mains unchanged. 


Register Transfer Instructions 


All of the register transfer instructions use the low order bits of the instruction to specify 
which locations are to be included in the FROM group and which in the TO group. The possi- 
bilities are: 


FROM: The A-register - 1 
The B-register - 
The C-counter ~ 
The Q-counter - 
The receive data lines - 
(From X, the address of a 
particular buffer) 
The insert switches ~ 9) 
Zero is transferred to the 
specified TO location 


DOAWY 
DIM OO 


Qn 


TO: The A-register - 

The B-register - 

The C-counter - 

The transmit data lines - 
(To X, the address of a . 
particular buffer) 

The Z-drivers; FROM remains 
unchanged. 


HQ YP 
ma row 


N 


If R, S, or T is specified, the control bit 1, control bit 2, and parity flip-flops (internal functions) 
are used for the “extra” positions, since R and T are all more than 18 bits, 


Any register specified in the FROM group will remain unchanged after the register transfer 
operation if it does not appear in the TO group. If R is specified in the FROM group, after the 
data is transferred, the receive flag and receive data buffer are reset by an automatically 
generated signal activating external function driver 1 (DEF1). 


With the exception of T in the TO group, the TO register will contain the result after a register 
transfer instruction. If T is specified in the TO group, before the data is transferred, the 
transmit flag and transmit buffer are reset by an automatically generated signal activating 
external function driver 2 (DEF2), The Q-counter is not counted down when a TRA Q instruction 
is executed, 


When a register transfer instruction is executed, the contents of those registers which are 
specified to be used as the FROM group for this instruction are logically OR-ed together into 
the Y-register. Then the data goes from Y to Z with the operation specified by the instruction 
being performed on the data as it goes from Y to Z. Finally the result goes from the Z drivers 
to all of those registers which are specified inthe TO group. The plus, zero, and even flip-flops 
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will take on their new states in the normal manner. If no registers are specified in the FROM 
group, the output from the Y-register will be zero. If no registers are specified in the TO 
group, the only outputs are the new statesof the plus, zero, and even flip-flops. Register transfer 
instructions with more than one register in the FROM and TO groups can be specified. For 
example: TRA O,ABC; TRA ABC,@; 


Mnemonic 


TRA 


TRANSFER, 


TRC 


TRANSFER COMPLEMENT. 


SLi 

SHIFT LEFT ONE. 
SR1 

SHIFT RIGHT ONE. 
SL6 

SHIFT LEFT SIX. 
SR6 


SHIFT RIGHT SIX. 
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Operand 


FROM, TO 


FROM, TO 


FROM, TO 


FROM, TO 


FROM, TO 


FROM, TO 


SL6 BC,AB. 


Word Times 


1 


In going from Y to Z, no change is made in 
the data. 


1 


In going from Y to Z, the data is changed into 
its 1’s complement. 


1 


In going from Y to Z, the data is shifted left 
one position. The high-order bit is lost and 
a zero goes into the low-order position. 


1 


In going from Y to Z, the data is shifted right 
one position. The low-order bit is lost anda 
zero goes into the high-order position. 


1 


In going from Y to Z, the data is shifted left 
six positions. The six high-order bits are lost 
and zeros go into the six low-order positions. 


1 


In going from Y to Z, the data is shifted right 
six positions. The six low-order bits are lost 
and zeros go into the six high-order positions. 
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Mnemonic Operand Word Times 


Chil 


CRl 


CL6 


CR6 


SLS 


SRS 
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FROM, TO 1 


CIRCULATE LEFT ONE. In going from Y to Z, the data is circulated 
left one position. The high-order bit goes 
into the low-order position; no bits are lost. 


FROM, TO 1 


CIRCULATE RIGHT ONE. In going from Y to Z, the data is circulated 
right one position. The low-order bit goes 
into the high-order position; no bits are lost. 


FROM, TO 1 


CIRCULATE LEFT SIX. In going from Y to Z, the data is circulated 
left six positions. The six high-order bits 
go into the six low-order positions; no bits 
are lost. 


FROM, TO 1 


CIRCULATE RIGHT SIX. In going from Y to Z, the data is circulated 
right six positions. The six low-order bits 
go into the six high-order positions; no bits 
are lost. 


FROM A, TOA 1 


SHIFT LEFT SPECIAL. This instruction is a SL1 instruction with one 
added function, Bit B (18) is shifted into 
Bit A (1). 


FROM B, TO B 1 


SHIFT RIGHT SPECIAL. This instruction is a SR1 instruction with one 
added function, Bit A (1) is shifted into Bit 
B (18). 
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FROM B 18 2 1 


TO B 18 17 


Mnemonic Operand Word Times 
BCO FROM, TO 1 
BIT CHANGE ZERO. This is a special instruction for use with 


eight-level Friden data. In going from Y 
to Z, the data is rearranged from the eight- 
level format used on a transmission line to 
the six-bit alphanumeric format used in com- 
puters. The other two bits, the parity and 
control bits, are put in the CBi and CB3 
flip-flops. 


F ROM X X XK x Xx x x Xx X C De D5 P D4 D3 «D2 D1] x | ¥ 


TO De D5 Dy, D3 Do Dy Z 


P goes to the parity flip-flop (CB3) 
C goes to the control bit flip-flop 1 (CB1) 
BCl FROM, TO 1 
BIT CHANGE ONE. This is the reverse operation of BCO. In 


going from Y to Z, the data is rearranged 
from the six-bit alphanumeric format into the 
eight-level format used on a transmission line. 
The control bit comes from BC1 and the parity 
bit comes from the output of the character 
parity network. 


FROM i OR: Oe ee RR OR 8 40h be De on. Dy De Dy] OY 
oO 2 60 O Tia ake Dg Ds P Dy D3 D2 Di] 0. 


P is the output from the character parity network 


TO 


C is the control bit 1 flip-flop (CB1) 
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Branch Instructions 


The states of the plus, zero, and even flip-flops are not changed by any branch instruction. 


Mnemonic Operand Word Times 
BRU M 1 
BRANCH UNCONDITIONALLY. Control is transferred to the instruction in 


M within the same program bank. When 
indirect addressing is specified, control is 
transferred to the address in M. 


BRS M 3 


BRANCH TO SUBROUTINE. The location of the instruction following the 
BRS is stored in M; then, control is trans- 
ferred to the location specified by the contents 
of M+1. M must be even. 


The remaining branch instructions are conditional branches. Control is transferred to M if 
the appropriate conditional test is satisfied. Otherwise, control goes to the next instruction - 
that is, the instruction following the branch instruction. 


BZE M 1 
BRANCH ON ZERO. If the ZFF is zero, control is transferred 
to M. 
BNZ M 1 
BRANCH ON NON-ZERO. If the ZFF is nonzero’ control is transferred 
to M. 
BPL M 1 
BRANCH ON PLUS, If the plus flip-flop is plus, control is trans- 
ferred to M. 
BMI M 1 
BRANCH ON MINUS. If the plus flip-flop is minus, control is trans- 
ferred to M. 
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Mnemonic Operand Word Times 


BEV M 1 
BRANCH ON EVEN. If the even flip-flop is even, control is trans- 
ferred to M. 
BOD M 1 
BRANCH ON ODD. If the even flip-flop is odd, control is trans- 
ferred to M. 


odd 
even 


© 
Hoot 


\ 2 DRIVERS 
All zeros = 0 
ZERO Any 1 = 1 (non-zero) 


DATANET= 50 


I-17 


Macro Instructions 


The following instructions are macro-instructions. That is, they are not actual machine instruc- 
tions; however, the General Assembly Program will recognize the mnemonics for the macro- 
instructions and generate the appropriate series of instructions to do the specified operation. 


Mnemonic 


CL2 


CL3 


CL4 


CLo 


CL? 


CL8& 


CL9 


CR2 
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CIRCULATE LEFT 2. 


CIRCULATE LEFT 3. 


CIRCULATE LEFT 4. 


CIRCULATE LEFT 5. 


CIRCULATE LEFT 7. 


CIRCULATE LEFT 8. 


CIRCULATE LEFT 9. 


CIRCULATE RIGHT 2. 


Operand 
FROM, TO 


FROM, TO 


FROM, TO 


FROM, TO 


FROM, TO 


FROM, TO 


FROM, TO 


FROM, TO 


Word Times_ 
2 


The contents of the specified FROM location 
is shifted left 2 places. The bits leaving 
position 18 are shifted into position 1 of the 
TO location. 


2 


The contents of the specified FROM location 
are shifted right 2 places. Bits leaving position 
1 are shifted into position 18 of the TO location. 


IT-18 


Mnemonic 


CR3 


CR4 


CRo 


CR 


CR8& 


CR9 


SAM 


SBM 


SL2 


CIRCULATE RIGHT 3. 


CIRCULATE RIGHT 4. 


CIRCULATE RIGHT 5. 


CIRCULATE RIGHT 7. 


CIRCULATE RIGHT 8. 


CIRCULATE RIGHT 9. 


Operand 


FROM, TO 


FROM, TO 


FROM, TO 


FROM, TO 


FROM, TO 


FROM, TO 


SUBTRACT A FROM MEMORY. 


SUBTRACT B FROM MEMORY. 


SHIFT LEFT 2. 


DATANET = 30 


FROM, TO 


Word Times 


6 
The contents of the A-register are subtracted 


from the specified memory location M. The 
result is placed in M. 


4 


The contents of the B-register are subtracted 
from the specified memory location M. The 
result is placed in M. 


2 


The contents of the FROM location are shifted 
left 2 binary places and put into the TO location. 
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Mnemonic 


SL3 


SL4 


SL 


SL7 


SL8 


SL9 


SLD 


SMA 


DATANET = $0 


SHIFT LEFT 3. 


SHIFT LEFT 4. 


SHIFT LEFT 5. 


SHIFT LEFT 7. 


SHIFT LEFT 8. 


SHIFT LEFT 9. 


SHIFT LEFT DOUBLE. 


Operand 


FROM, TO 


FROM, TO 


FROM, TO 


FROM, TO 


FROM, TO 


FROM, TO 


SUBTRACT MEMORY FROM A. 


Word Times 


3 


2(I) 


The contents of registers A and B are shifted 
left double I number of times. Bits shifted 
out of B (18) enter A (1). Bits shifted out of 
A (18) are lost. The vacated positions of the 
B-register are filled with zeros. 


The contents of the specified memory location 
M are subtracted from the contents of the A- 
register. The result is placed in A. 
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Mnemonic 


SMB 


Operand 
M 


SUBTRACT MEMORY FROM B. 


SR2 
SHIFT RIGHT 2. 


SR3 

SHIFT RIGHT 3. 
SR4 

SHIFT RIGHT 4. 
SR 

SHIFT RIGHT 5. 
SR7 

SHIFT RIGHT 7. 
SR8 

SHIFT RIGHT 8. 
SR9 

SHIFT RIGHT 9. 
SRD 


SHIFT RIGHT DOUBLE. 
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FROM, TO 


FROM, TO 


FROM, TO 


FROM, TO 


FROM, TO 


FROM, TO 


FROM, TO 


Word Times 


4 


The contents of the specified memory location 
M are subtracted from the contents of the 
B-register. The result is placed in B. 


2 


The contents of the FROM location are shifted 
right 2 binary places and placed in the TO 
location. 


2(1) 


The contents of registers A and B are shifted 
right I places. The vacated positions of the 
A-register are filled with zeros. Bits shifted 
out of A (1) go into B (18). Bits shifted out of 
B (1) are lost. 
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Special Instructions 


INTERNAL FUNCTION DRIVERS 


Mnemonic 


DIF 


DRIVE INTERNAL FUNCTION. 


DIF 


p— 


DIF 
DIF 
DIF 
DIF 
DIF 
DIF 
DIF 
DIF 


Se eo 
OD 


INTERNAL STATUS LINES 
NIS 


AND INTERNAL STATUS 
LINES TO Z. 
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Word Times 


] 


A signal will be sent to those internal function 
drivers which correspond to 1-bits in I, DIF 0 
is bit position 10 in the instruction. 


Function 


Reset contrel bit flip-flops 1 and 2, and parity 
bit flip-flop. 

Reset the buzzer flip-flop. 

Set the buzzer flip-flop. 

Initiate the hardware load process. 

Not assigned. 

This is the SEL instruction. 

Set control bit flip-flop 1. 

Set control bit flip-flop 2. 

Set the parity bit flip-flop. 


1 


The NIS instructions allow the program to 
interrogate the status of the I internal status 
lines, A logical AND is performed with I 
(1-10) and the internal status lines, NIS 0 
is bit position 10 in the instruction. 


The result of the AND sets the branch flip-flops 
in accordance with the results of the AND. 


If the tested condition is true, the zero flip- 
flop will have been set ¢ 0. A 1 is a true con- 
dition. If the zero flip-flop is to be 0, then 
Z (1-10) must all have been 0. 


Mnemonic 

NIS 1 Will be true if 
NIS 2 Will be true if 
NIS 3 Will be true if 
NIS 4 Will be true if 
NIS 5 Will be true if 
NIS 6 Will be true if 
NIS 7 Will be true if 
NIS 8 Will be true if 
NIS 9 Will be true if 
NIS O Will be true if 


10 9 8 7 6 5 4 3 2 
iliac Om Ok On ee 


Word Times 


The character parity output of the parity net- 
work isal. 1 = odd parity, 0 = even parity. 

The word parity output of the parity network 
is a 1. 1 = odd parity, O = even parity. 

Control bit flip-flop 2 and the word parity 
output of the parity network are identical. 
This is intended for use when transmitting 
data with error-correcting techniques, 

The MANUAL/PROGRAM switch is in the 
MANUAL position, 

Not assigned. 

Status is present in memory location 6. Used 
only with the CSU931. 

Controller selector is ready. 

Control bit flip-flop 1 is a 1. 

Control bit flip-flop 2 is a l. 

The parity bit flip-flop is a 1. 


2 1 


These positions in the 
instruction correspond by 

number to the NIS, DIF, NES, 

and DEF instruction number. 
Position 10 is represented by 0. 


Bit Positions of NIS, NES, DEF, and DIF Instructions 
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Mnemonic Operand Word Times 
LDF M 9 


LOAD SPECIAL FLIP-FLOPS. Selected bits from the contents of M are used 
to restore the conditions (saved by an STF 
instruction) of the plus, zero, even, control 
bit 1, control bit 2, and parity flip-flops. Bit 
position 1 goes to the even flip-flop. 
position 2 goes to the zero flip-flop and bit 
position 18 goes to the plus flip-flop. 
8, 9, and 10 go to control bit flip-flops 1 and 2 


and the parity flip-flop, respectively. 


Plus FF Parity FF 


Control Bit FF 2 


Control Bit FF l 


Contents 
of | 
Memory 18 10 369 8 2 i 
STF M 2 
STORE SPECIAL FLIP-FLOPS. The conditions of the plus, zero, even, control 
bit 1, control bit 2, and parity flip-flops are 
stored in M in positions 18, 2, 1, 8, 9, and 10, 
respectively (same as in LDF). 
HLT I 1 
CONDITIONAL HALT. If the MANUAL/PROGRAM switch is in the 


MANUAL position and the HALT DISABLE 
light is off, the DATANET-30 will halt. If the 
key switch is in the PROGRAM position, Hard- 
ware Load is initiated, If the key switch is in 
MANUAL position and the HALT DISABLE light 


is on, a Halt instruction is ignored, 
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Buffer Selector Instructions 


There are six buffer selector instructions. 
transfer TO T have already been covered, 


Mnemonic oopenane 
LDT M 
LOAD T., 


EXTERNAL FUNCTION DRIVERS 


DEF 


DRIVE EXTERNAL FUNCTION, 
(Bit positions 1-10 in the instruc- 
tion correspond directly to the 
DEF instruction number. (DEF 0 
is used for line 10.) 


EXTERNAL STATUS LINES 
NES 
AND EXTERNAL STATUS 
LINES TO Z, 
(Bit positions 1-10 in the instruc- 
tion correspond directly to the 


NES instruction number, (NES 0 
is used for line 10.) 


SCN 


SCAN. 
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I 
(1-10) 


I 
(1-10) 


The register transfer FROM R, and the register 


Word Times 
2 


The contents of M are sent to the transmit 
data drivers andfrom there to whichever channel 
has been preselected by the contents of the C- 
counter, The contents of M are unchanged. 
Use of this instruction is restricted to certain 
buffers on the buffer selector, 


1 


A signal will be sent to those external function 
drivers which correspond to 1’s in I, The 
signal(s) will actually get to only the buffer 
unit which has been preselected by the C- 
counter, The meaning of each DEF instruction 
varies with the particular input/output buffer 
and associated equipment, Refer to the section 
on a particular buffer for additional information. 


1 


A logical AND is performed with I (1-10) and 
the external status lines, The only results 
are the new states of the plus, zero, and even 
flip-flops. The meaning of each NESinstruction 
varies with the particular input/output buffer 
and associated equipment. Refer to the section 
on a particular buffer for additional information. 


143N 


The bit buffer channels are scanned starting 
with channel I. N equals the number of channels 
scanned, The instruction is terminated upon 
detection of the end scan flag in scan word 2, 
field 2. 
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The Option Module Instructions 


The option module instructions are covered in the appendix for the particular option module, 


When computer type peripheral equipment is used, the instructions for the peripheral equipment 
are included in the appendix for the option module interfacing with the peripheral equipment, 


The table of contents shows the appendix applicable to an individual option module, 
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ll. ADDRESSING MEMORY 


GENERAL DESCRIPTION 
The address field of the instruction is divided into a partial memory address and an addressing 
mode. 


12 10 9 1 
PARTIAL 
MODE | ADDRESS 
The four modes for addressing memory are: 


Program Bank addressing 
Common Data Bank addressing 
Channel Table addressing 
Indirect 


m WW Pe 


Rit Positions 
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DETAILED DESCRIPTION 


The following descriptions of the hardware aspects of memory addressing are given for use 
when debugging programs, The assembly program automatically assigns proper addressing for 
each instruction, 


Program Bank Addressing 


Program bank addressing can only address locations in the common data bank or another loca- 
tion in the same program bank. The addresses within 1024 memory locations of the base loca- 
tion of the program bank in which the instruction is located may be directly addressed by an 
instruction within the program bank. 


The sixteen 1024-word program banks for a 16,384-word memory are listed in the table below: 


Memory Locations 


Program Bank End 

Decimal Octal Decimal Octal 

1 0000 0000 1777 
2 1024 2000 Stat 
3 4000 5777 
4 6000 7777 
5 10000 11777 
6 12000 13777 
7 14000 15777 
8 16000 | 17777 
9 20000 21777 
10 22000 23777 
11 24000 25777 
12 26000 214741 
i3 30000 31777 
14 32000 S317 7 
15 34000 35777 
16 37777 


Each program bank has upper and lower limits for direct addressing. When it is necessary 
to go from one program bank to another, indirect addressing is used. When approaching the 
upper limit of a program bank, some caution is necessary regarding the type of instruction 
placed in the last location of the program bank. Upon the execution of the last instruction in 
a program bank, the P-counter contains the address of the first instruction in the next program 
bank. Ifa branch instruction is in the last location, the program will branch to the corresponding 
address in the next program bank. 


There are two ways to change from one program bank to another: 


1. The P-counter counts up past the program bank boundary. 
2. A branch instruction is given in the indirect mode. 
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Location 


01750 


03720 


05670 


07640 


START EXAMPLE PROGRAM 


01604 


01605 


03554 


05524 


07474 
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Instruction 


01750 
000001 
03720 
000002 
05670 
000003 
07640 
000004 


01604 
401750 


400000 


03554 
401720 


05524 
401670 


07474 
401640 


Symbol 


FIRST 


SECOND 


THIRD 


FOURTH 


ORG 
LDA 


LDA 


ORG 
LDA 


ORG 
LDA 


ORG 
LDA 


Operand 


1000 
1 
2000 
2 
3000 
3 
4000 
4 


FIRST 


FOU RTH 


1900 
SECOND 


2900 
THI RD 


3900 
FOU RTH 
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Remarks 


ORIGIN IN 1ST PROGRAM BANK 
ORIGIN IN 2ND PROGRAM BANK 
ORIGIN IN 3RD PROGRAM BANK 


ORIGIN IN 4TH PROGRAM BANK 


ORIGIN LOCATION 

PROGRAM BANK ADDRESSING APPEARS. 
PROGRAM BANK ADDRESSING CAN BE NOTED 
BY A BINARY O1 IN BIT POSITIONS 11 
AND 10. THIS CAN BE SEEN AS AN 
OCTAL O1 IN THE MACHINE INSTRUCTION. 


THIS INSTRUCTION PRODUCES AN ERROR 
TAG (A) BECAUSE THE SYMBOL ''FOURTH" 
IS NOT IN THE SAME PROGRAM BANK OR 
THE COMMON DATA BANK* «xis 


ORIGIN LOCATION 
NOTE PROGRAM BANK ADDRESSING 


ORIGIN LOCATION 
NOTE PROGRAM BANK ADDRESSING 


ORIGIN LOCATION 
NOTE PROGRAM BANK ADDRESSING 


THE PROGRAM BANK ADDRESSING CAN BE 
NOTED BY THE 3RD OCTAL DIGIT IN EACH 
OF THE PRECEDING LDA INSTRUCTIONS. 


Common Data Bank Addressing 


The common data bank is the first 512 words of memory and may be addressed directly from 
any location in memory. In the following example, common data bank addressing is denoted 
by the 2 in the third digit of the octal instruction, All instructions that refer to an address in 
the common data bank will always be assigned common data bank addressing by the assembly 
program, unless the instruction itself is in the first program bank, 


Location Instruction OPR Operand Remarks 
11610 ORG 5000 
11610 402024 LDA 20 LOAD A-register with contents cell 20j9 
11611 702231 STB 153 STORE B-register in location 15319 
11612 342764 ADO 500 ADD one to location 500j9 


Channel Table Addressing 


A channel table must be symbolic and start with the character $. The starting locations of the 
channel table must be a multiple of 16 decimal and located in the first 8192 words of memory. 
The channel table may be addressed directly from anywhere in memory. The maximum table 
length is 128 locations, When referred to, the base address (starting location) is automatically 
indexed by the C-register. The channel table addressing mode will be assigned to any instruction 
which refers to a channel table ($ - -), 


Example 1: 
ORG 012 
$SWl DEC 0 Scan Word Table Channel 0 
Scan Word Table Channel 1 
Example 2: 
ORG 608 
$POINT DEC 0 Pointer for Channel 0 
Pointer for Channel 1 
Example 3: 
ORG 2048 
PIC 1 


4000 403040 LDA SSWl1 The A-register is loaded with the contents of location 513 
(Location 512 + value of C-register) 
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If the number of channels (table size) exceeds 16, the location of the table must be a multiple 
of the next higher power of 2. 


Example: 
Number of Channels Starting location must be a multiple of 
1-16 16 
17-32 32 
33-64 64 
65-128 128 


Indirect Addressing 


Indirect addressing (2nd level addressing) is where the address part of an instruction is the 
location in memory where the address of the operand may be found or is to be stored. 


If the format of the assembly program run on a GE-225 system is used, indirect addressing is 
specified in an instruction when an Xis placed in the index column (column 20) of the coding sheet, 
If the format of the assembly program run on the DATANET-30 is used, indirect addressing is 
Specified by a comma immediately following the operand, 


Indirect addressing must be used to access an address in another Program Bank, with the ex- 


ception of the Common Data Bank or Channel Table. It must also be used to branch across bank 
boundries. 


Indirect address (second level address) example: 


Location Instruction Symbol OPR Operand a Remarks 
* ORG 2048 
4000 404030 LDA POINT X Load Register A with alpha 
4030 007760 POINT IND ALPHA 
7700 000174 ALPHA OCT 000174 
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Indexing 


During indirect addressing, the first operand address can be indexed by any one of A-, B-, or C- 
registers by specifying which register in the pointer. Bits 16-17 of the indirect address word 
specify which register to be used for indexing as follows: 


Pseudo- 
Bits (18-17-16) Function Operation 
000 No indexing IND 
001 Index by A INA Base address indexed by contents of A 
010 Index by B INB Base address indexed by contents of B 
Oll Index by C INC Base address indexed by contents of C 


The pseudo-operations IND, INA, INB, and INC are used by the assembly program to automati- 
cally add these bits as required. 


LOC INSTRUCTION OPR OPERAND a 
ORG 2048 


Convert Octal digit to baudot 


04000 601100 LDB DIGIT Pick up octal digit 
04001 404400 LDA BAUDOT xX Convert 

*  BAUDOT CONVERSION TABLE 

; * 

04400 204401 BAUDOT INB *+l1 Octal to Baudot Conv Table 
04401 000054 OCT 54 Baudot Char 0 
0440 2 0000 56 OCT 56 " 1 
0440 3 000046 OCT 46 2 
04404 000002 OCT 02 3 
05100 000002 DIGIT OCT 000002 

* Branch to switch table 

* Depending on contents of C-register 

ORG 2048 
04000 201100 LDC DIGIT Pick up value in C-reg 
04001 107400 BRU SPOINT X 
ORG 4096 

10000 010200 SPOINT IND ENTER 0 GO TO ENTER 0 IF C = 0 
10001 010300 IND ENTER 1 ae le 1 
10002 010400 IND ENTER 2 ee 2 
10003 010500 IND ENTER 3 i as ee 3 
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Subroutine Linkage 


Indirect addressing and a special Branch Subroutine (BRS) instruction provide a means for 
getting to and from subroutines and program banks. The BRS command is a 3-word-time in- 
struction which, during the first execution cycle, stores P+1 (the address of the word following 
the BRS) in memory location M and during the second cycle loads the contents of (M+1) into 
the P-counter, as follows: 


ALPHA BRS SUBRN Transfer to Subroutine 
LDA 0 Continue 

SUBRN IND 0 Subroutine linkage 
IND SUBRN 1 

SUBRNI1 LDB SUBRN Start of subroutine 
BRU SUBRN ».¢ Exit from subroutine 


When the BRS at location ALPHA is executed: 
1. The P-counter +1 is stored in SUBRN. 
2. The program branches to location contained in SUBRN+1. 
3. The subroutine is executed. This subroutine may be located anywhere in memory. 


4. The exit from the subroutine via the BRU SUBRN X causes the contents of SUBRN 
(location ALPHA+1) to be loaded into P. 


0. The LDA instruction following the BRS is executed after execution of the subroutine. 


Thus, 1 instruction (BRS), 2 words in memory (SUBRN and SUBRN+1), and 5 word times (BRS 
and BRU X) are needed for the general subroutine linkage, since the two linkage words are 
normally in the common data bank and can be accessed from anywhere in memory. 


This technique of subroutine linkage has these advantages: 


1. Only one instruction is needed in the main program to call a subroutine. 
2. The subroutine may be located anywhere in memory at no sacrifice in time or memory. 


3. The subroutine may be called from anywhere in memory at no sacrifice in time or 
memory. 
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4, The program can branch to the subroutine and return to the point of the branch, or else- 
where, depending on the purpose of the subroutine, 


0. All subroutine linkage bookkeeping is handled by hardware and not by the main program 
or the subroutine, 


6. All three registers, A, B, and C, may be used for input to the subroutine, since no 
register is used for linkage, 


The following rules must be observed when using the subroutine BRS command: 


1, The first word of the subroutine linkage must be in an even location, (The assembly 
program will error tag an odd location or force it to an even location, ) 


2. The subroutine linkage must be placed in a common location to both program points; 
that is, common data bank, same program bank, 


MEMORY ADDRESSING USING THE ASSEMBLY PROGRAM 


The previous discussion has centered on describing the memory addressing features built into 
the DATANET-30, This section will describe the memory addressing features built into the 
aSsembly program, 


The assembly program instruction mnemonics and pseudo-operations provide a technique for 
program preparation. This is particularly true with respect to memory addressing, since the 
assembly program does a great deal of the generation and validity checking of addresses, 


The assembly program provides facility for the assignment of addresses relative to some start- 
ing point (relative addressing), Assume, for example, that the symbol B is equal to memory 
location 0500, Using the technique of relative addressing, memory location 0510 can now be 
addressed by writing B+10 in the operand field of the coding sheet: 


Symbol Operation Operand 
B EQU 900 
LDA B 
LDA B+10 


The EQU pseudo-operation equates the symbol B to memory location 0500. The instruction 
LDA (Load Register A) loads the A-register with the contents of memory location 0500. The 
next LDA instruction, some program steps later, loads register A with the contents of B+10 
(location 0500 + 10 = 0512). 
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The assembly program will interpret an asterisk (*) in the operand field on input data to mean 
the address of that instruction. The * serves as a flag to the assembly program and causes the 
performance of a special calculation to generate the desired address, 


Location Instruction 
05000 LDA *+ 10 


In this example, * = 05000 and the relative address *+10 will be 05012. 


The assembly program is also flagged by the character X in the “X” column, This indicates 
that indirect addressing is desired on that instruction, The assembly program generates the 
desired address according to the standard rules and then adds a 1-bit in I (12), One other 
Special requirement must be flagged to the assembly program by the programmer, When it 
is desired to use channel table addressing, a symbolic operand must be used and the symbol 
must start with the character $ (dollar sign), The assembly program, upon finding this condition, 
will assign addressing mode 3 (channel table addressing) by making I (10-11) = 11. It then checks 
the location of the symbol, verifies that it is less than 8192 and that it is a multiple of 16 (that 
the low-order 4 bits are all zero), divides the location by 16 and inserts the remaining 9 sig- 
nificant bits in the instruction. To use this mode properly, the symbol must start with a $ sign, 
and must be in a modulo 16 address in the first 8192 words of memory. 


The two remaining techniques for specifying the desired address are pure symbolic and decimal, 
Examples of these are: 


LDA CONST3 
LDA WS1 
UDA O 

LDA oll 
LDA 8000 


CONST 3 and WS1 are symbolic addresses; and 5, 511, and 8000 are decimal addresses, The 
assembly program checks the desired address, to determine if it is in the same program bank 
as the instruction being assembled. If it is, address modification mode 0 or 1 (program bank 
addressing) is assigned along with the correct partial address. If it is not in the same program 
bank, it is checked for being in the common data bank, [If it is, address modification mode 2 
(common data bank addressing) is assigned along with the correct partial address, If neither 
case applies, it is not possible to generate the address directly. The assembly program flags 
this condition with an A on the assembly program output listing, This indicates an invalid 
address and must be corrected. 


With program banks of 1024 words, most desired addresses will be either in the common data 
bank or in the Same program bank, The first assembly by the assembly program will indicate 
the addresses which need to be changed to indirect addressing, 
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IV. CONTROL CONSOLE 


The control console (Figure 11) serves both operator and maintenance functions, The control 
exercised by the console is not usually used during normal program execution, Control from 
the console is concerned with initially loading the program into memory, starting the execution 
thereof, monitoring the progress of the program, and program debugging, 


The switches and lights and their more important functions are: 


i 


The contents of the A-, B-, C- and P-registers may be modified directly from the 
control console, 


The contents of memory may be displayed in the M-register. The P-counter is used 
to specify the memory location to be displayed. 


The P-counter is automatically incremented so that sequential locations in memory 
may be displayed by depressing the SINGLE CYCLE button. 


The contents of memory may be modified by the 18 INSERT SWITCHES. 


The automatic loading of a program may be initiated from the control console (Hard- 
ware Load), 


THE MODE SELECT PUSHBUTTON SWITCHES 
The SET A, B, C, and P Button 


The following steps are used to set the A, BorC registers and the P-counter to a desired 


configuration. 
1. Press the Set A, B, C, or P button. 
2. Lift the INSERT SWITCHES under the register position to be inserted. 
3. 


DATANET = 50 


The inserted configuration is immediately set up in the desired register (counter). 
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The INSERT MEMORY Button 


The following steps are used to insert data into memory: 


i 


2. 


Press SET P button. 
Put desired memory address in the P-counter. 
Press the INSERT MEMORY button. 


Lift the INSERT SWITCHES to the desired input. The input is indicated in the Y- 
register. 


Press the SINGLE CYCLE button. The input from the Y-register is transferred to 
the memory location specified by the P-counter. The P-counter will count up 1. 


Repeat 4 and 5 for consecutive positions; repeat1 through 5 for nonconsecutive positions, 
Do 1 and 2 to set the P-counter to starting location, 


Press the PROGRAM RUN button, then the RUN button to start the program, The pro- 
gram will start at the location specified by the P-counter, 


Press the PROGRAM RUN button, then the RUN button to start the program. The pro- 
gram will start at the location specified by the P-counter. 


The DISPLAY MEMORY Button 


The following steps allow the contents of memory to be displayed: 


I 


2. 


Press the SINGLE CYCLE button to halt. 
Press DISPLAY MEMORY button. 


Press SINGLE CYCLE. The contents of memory location as specified by the P-counter 
are displayed in the M-register. The P counter counts up 1. 


The contents of the other registers will be as previously defined under description 
of registers. 


THE ERROR LIGHT AND BUZZER 


The ERROR light and buzzer are used to indicate that data read out of memory does not agree 
with the INSERT SWITCHES. 


If a DIF 3 instruction is executed, the error light will turn on. This does not indicate an alert 
halt and the program will continue to run. 
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The error light and buzzer only work in either the DISPLAY MEMORY or INSERT MEMORY 
mode. The error light does not refer to an error in an operating program. The error light 
and buzzer are both turned on and off with the DIF 3 and DIF 2 instructions. 


If the INSERT MEMORY or DISPLAY MEMORY mode is set, the RUN button has been pressed, 
and the HALT/DISABLE switch is in the HALT position, the error light turning on will indicate 
an error, halt the DATANET-30, and the location of the error will be indicated in the L-register. 
This is mainly a maintenance feature. 


POWER-ON SEQUENCE 
The power-on sequence is shown below: 


Turn on main circuit breaker located behind the front panel of rack 3. 
Press AC ON button 

Wait 10 seconds, then press DC ON button. 

Press MANUAL RESET. 


H Oo fo 
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HALT conditions are iynored. 
All other switches are in- 
operative except the INSERT 
and POWER switches. 


Manual All switches are operative. 
MODE Set A The Insert Switches can set A. Insert The data in tne Insert Switches 
SELECT Set B The. Tasare Seivchies an. sek. Be Memory can be stored in the memory loca- INSERT Up The switch position equals 1. 
tion specified by P. After stor- SWITCHES C Th 
Set C The Insert Switches can set C. age, the location's contents will cReSe e switch position equals 0. 
Set P The Insert Switches can set P. Be eae eee aud competed re ae pve The switch position equals 1. 
switches. A discrepancy will re- 


Program Instructions are executed in sult in a halt condition and will 
Run the normal manner. This mode turn on the buzzer. 

must be selected for the 

program to be executed. 


Display The contents of the location 

Memory specified by P can be displayed. 
The contents will be compared 
to the Insert Switches. A dis- 
crepancy will result in a halt 
condition. 


Figure 11. Control Console Switches 
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Down 


P counts normally. 


P does not count. 


Q counts normally. 


Q dves not count. 


A halt condition will halt the 
DATANPT-30 rh the key switch 
1s in manual position. 


Halt conditions are ignored. 


Resets the Buzzer. 
Will buzz. 


Prevents the buzzer from 
turning on. 


SINGLE Pressed 
CYCLE 
RUN Pressed 
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When running in Program Run 
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Starts the DATANET= $00 por oped ain 


Juntos continuousty, it oon 
the Program kun, Display 


Memory, or Insert Memory mode 


Figure 11. 
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MANUAI, 
KESET 


Kesets all registers, 
counters, tElip-flops, and 
Optional interface units. 


Control Console Switches (con't) 


Initiates the Hardware Load 
LOAD process, tf the Program Run 
button has been pressed, 


V. PROGRAMMING CONSIDERATIONS 


PROGRAMMING THE BUFFERS 


Service Rate 


When servicing transmission lines on a bit basis there are certain timing factors which must 


be taken into account. The following table shows the service rate for six standard teletype 
transmission speeds: 


Bits per Second Service Rate (milliseconds) 
45 22.2 
50 20.0 
96.25 Le 
75 13.3 
110 9.09 
150 6.67 


In each case, the service rate can be defined as the operation of the receive or transmit flag 
of the bit buffer. 


When scanning the bit buffers, the service rate is taken into account and the Program Interrupt 
Executive initiates scanning at a rate slightly faster than the service rate. For a 45-bit/second 
transmission line having a service time of 22.2 milliseconds, the line would be scanned approxi- 
mately every 21.0 milliseconds to ensure that any speed variations in the remote terminal 


would not result in data lost at the DATANET-30. 
Basic Program Cycle 


A real time program response time to certain events must be very small. The communications 
programs must be divided into the following events: 


1. Receive bits 
2. Assemble bits into characters 
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Assemble characters into words 

Assemble words into blocks 

Assemble blocks into messages 

Assign message routing 

Disassemble blocks into words for transmission 
Disassemble words into characters 

Put the character in the buffer for transmission. 


{0 ID M1 yh oo 


The program to do this is divided into two basic cycles. 


1. Line service cycle (hardware scan and program scan) -- when each buffer is sampled 
within a bit or character time and the bit or character present is moved to or from 
the buffer. 


2. Processing cycle-- when all the rest of the processing to be done by the program 
must be accomplished. The bit buffer assembly areas and the other buffers are serviced 
on a character time bases. 


Since a basic premise of the DATANET-30 is to receive (or transmit) each bit or character 
within rigid time limitations, the line service cycle must be initiated within a certain amount 
of time. 


Line Service Line Service 
{ Interrupt Y 
| | Process sy | Process | 


Hardware Full Cycle 
Scan Program 

Scan 
Program 


Scan 


Hardware 
Scan 


The time will vary with the line service rate required by the remote terminals. One full cycle 
must therefore be completed at a rate slightly faster than the fastest service rate. In order 
to do this, processing must be interrupted to allow the hardware scan instruction to service 
the lines (3 word times per line). The interruption must be timed so that, from the end of one 
scan cycle to the end of the next scan cycle, the total elapsed time is less than one bit time. 
Consideration must also be given to memory cycles used during the scan by the controller 
Selector peripherals, 
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Although the above only discussed the bit time for the bit buffers, the scanning and processing 
of character and word buffers follow the same rules. The scanning of character and word 
buffers however is done by programming for each buffer. 


The control of data transfer going to or from a buffer is accomplished by the register transfer 
instructions, the C-register and the transmit/receive data lines. The receive buffer address 
in the C-register allows the character or word in the receive buffer to be set up on the receive 
data lines. The register transfer instruction -- that is, TRA R, B -- then transfers the 
configuration of the receive data lines to the designated working register. 


The transmit sequence using the transmit data lines is basically the opposite of the sequence 
using the receive data lines. The address of the transmit buffer is first set up in the C-register. 
Then the transfer of the configuration in one of the FROM registers, again using a register 
transfer instruction, is transferred to the transmit data lines. The only transmit buffer that 
will be able to accept the configuration on the transmit data lines will be the one addressed 
by the C-register. 


Line 
Interrupt Service 
Line Service 


Hardware Program Scan 
Scan on on Character Process 
Bit Basis Basis 


Bit Buffer Channel Move character out Move character to 
of scan word 3 location & from memory location 
to accumulation location for building words to 
in memory for that line blocks etc. 


Move character to scan 
word 2 to be. transmitied 


Character Buffer Channel Move character out of Do DSU Operation 


Char character buffer to 
Buffer location in memory for Do Tape Operation 
the channel 


Word Buffer Channel Move word out of word Do all other functions 
buffer to memory 
Buffer location 


Char Move character from memory 
Buffer to character buffer to be 
transmitted 


Word Move word to word buffer 
Buffer to be transmitted 


Program Cycle 


Figure 12. General Timing Diagram 
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Hardware scan 


Bit Buffer Channel 


Char 
Buffer 


Character Buffer Channel 


Word Buffer Channel 


Note: The timing will vary depending 
upon the speed of transmission 
for the individual buffer, 


Figure 13. Relative Timing for Scanning Buffers 


Functional Sequence 


The normal flow of data occurs as shown below. The program periodically halts to allow the 
SCN instruction to take bits from the bit buffers to form characters in memory. When a charac- 
ter is formed, it is transferred over to another area of memory where the program accumulates 
characters into words. The words are accumulated into blocks of variable lengths and then 
transferred to the disc storage unit, where the queue, journal, intercept, and in-transit storage 
areas are established under program control. The same basic process occurs for the character 
and word buffers. However, all other buffers must be scanned by the program. 
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Figure 14. Data Flow Functional Block Diagram 
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PROGRAMMING CONVENTIONS 


In writing programs for the DATANET-30, there are a few conventions which should be con- 
sidered. The suggestions made here are not hard and fast rules, but must be considered for 
maximum programming efficiency: 


1. Do not use locations 0 and 1 in memory; these locations are used by program interrupt. 
When the Q-counter counts down to zero, P+1 is stored in location 0 and control is 
transferred to the location specified by location 1. 


2. Do not use cells 3, 4, and 5. These locations are used by the controller selector unit 
for storage of command words. 


3. If possible, all subroutine linkages and constants should be located in the common 
data bank (cells 8 - 511 in memory). 


4. Channel tables must be located in the first 8192 words of memory. 


0. Utility routines should be stored at the top of the memory, so that they will not be 
destroyed when reading in later programs. 


6. The following checks should be made: 


a. Before issuing any SEL instruction, check the ready status of the controller with 
the CSR instruction. 


b. Before issuing any CSR instruction, check for the completion of the previous 
SEL sequence with an NIS 7 instruction. 


c. Before changing memory locations 3, 4, and 5, check for completion of the previous 
SEL sequence with an NIS 7 instruction. 


7. When closing a file on magnetic tape always write an end of file on the tape. 


8. When branching to a subroutine, the symbolic name of the subroutine link will be followed 


by 1: 
BRS REPRT Go to report subroutine 
REPRT IND 0 Subroutine linkage 
IND REPRT 1 REPRT 1 is the actual starting 


address of the subroutine. 


9. The last character to be transmitted at the end of transmitting a message must be 
an all marks character (all 1's). 


10. At the end of each program bank, careful consideration should be given to the instructions 
in the last 2 positions and to those instructions that fell into the succeeding program 
bank, 
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11. The following memory allocation has been established as a standard programming 


convention: 
Decimal Location Contents 
0000 - 0007 Program interrupt and controller selector command words 
0008 - 0031 Parameters for utility routines and general use 
0032 - 0511 Program constants, subroutine linkage 
512 - 1023 Scan words (channel tables) and constants 
1024 - 7499 Object programs 
7500 - 7999 Utility programs and programming tools 
8000 - 8191 Loader programs 


12. The C-register instructions (PIC, AIC, XCZ, NCZ) will have decimal or symbolic 
operands which will be assembled as a numerical value rather than a memory address. 


13. If a symbol has been referred to by a double-length instruction before the symbol is 


defined, the symbol will be forced to an even location, Zeros are inserted in the vacated 
odd location, 


BUFFER OPERATIONS 
Bit Buffer Channel 
Data is sent to a buffer via the transmit data drivers. Data is received from a buffer via the 


receive data lines. Control signals are sent to a buffer by the DEF instructions, Information 
as to the status of a buffer is tested by the NES instructions, 


The bit buffers are available in two models: BBC930G1 and BBC931G4., Each model can interface 
with a Voltage Current Adaptor (VCA), a 103A or 103F data set. The DEF and NES instructions 
for a bit buffer are different, depending on the model used and the type of line interface. 


DEF Iustructions BBC930GI1, G2 NES Instructions 


1 - Reset receive flag and buffer 1 - Receive data flag set 
2 - Reset transmit flag and buffer 2 - Transmit data flag set 
3 - Reset request to send (103F) 3-8 - Not used 

Reset data terminal ready (103A) 9 - Test receive line 
4 - Set request to send (103F) 0 - Not used 


Set data terminal ready (103A) 
> - Reset receive clock 
6 - Set Echoplex mode 
7 - Reset Echoplex mode 
Q - Not used 
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BIT BUFFER INSTRUCTIONS 


Mnemonic Operand Word Times 
Register Transfer R, 
TRA FROM, TO The bit contained in the receive buffer is 


transferred to position 18 of R to position 18 
of Y and then according to the register transfer 
instructions, The receive buffer and flag are 


reset, 
Register Transfer ge 
TRA FROM, TO Bit 1 of the Z-drivers is transferred to the 
transmit data buffer, The transmit flag is 
reset, 
SCN I 1+3N 
SCAN Sean the bit buffer units. The bit buffers are 
interrogated for data received or to be trans- 
mitted, Data is moved to and from the bit 
buffers. I is the number of the starting 
channel, N is the number of bit buffers 
Scanned, 
DEF Instructions BBC931G4,G5 NES Instructions 
1 - Reset receive flag and buffer 1 - Receive data flag set 
2 - Reset transmit flag and buffer 2 - Transmit flag set 
3 - Reset request to send (103F) 3-4 - Not used 
Reset data terminal ready (103A) 5 - Data set ready (interlock on) 
4 - Set request to send (103F) 6 - Carrier off (103F) 
Set data terminal ready (103A) 7 - Not used 
2 - Reset receive clock 8 - Supervisory receive data 
6 - Set restraint (103A) 9 - Test receive data 
Set originate mode (103F) 0 - Not used 


7 - Reset restraint (103A) 
Reset originate mode (103F) 
8-0 - Not used 


The DEF and NES instructions for other bit buffers not shown here are furnished on an individual 
basis, 
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RECEIVE OPERATION 


Assume that a remote terminal device is sending out a continuous stream of marks, (the line 
is in the idle condition). Then the operator at the remote terminal begins transmitting information. 
When the start bit (a space) is received, a clock is started. The clock is used to time the future 
sampling of the line. The start bit is transferred into the receive data buffer by the bit buffer 
channel (BBC), and the receive flag is set. When the clock reaches the proper time, the line 
is sampled again, the bit on the line is transferred to the receive data buffer, and the receive 
flag is set. This process of sampling the line at regular intervals, transferring the data on 
the line to the receive data buffer, and setting the receive flag continues until the clock of the 
BBC is stopped by the program. Since the BBC will transfer the information from the line into 
the receive data buffer every bit time, the program must test the receive flag and take away 
the bit in the receive data buffer before the line is sampled again by the BBC. 


Whenever the bit is taken, the receive flag and the receive data buffer are automatically reset. 
At some point, the program decides that the appropriate number of bits have been received and 
sends a signal to the BBC which stops the clock. The receive flag will remain reset until another 
start bit is received. As a protection against noise on the transmission line causing the clock 
to start running, the BBC circuitry requires the space condition to exist on the line for at least 
one-half of a bit-time to start the clock. Thus, noise of less duration than one-half of a bit-time 
will have no effect. 


A BBC can be used with a half-duplex line by ignoring the receive section when sending and by 
ignoring the transmit section when receiving. If a subset is used, control of the carrier is 
accomplished by activating the appropriate external function driver (with a DEF instruction). 


The following timing diagram shows how the character Y would be received by a bit buffer as 
a D-level teletype character. 


| | 

Start {Stop | 
Pulse 1 0 1 0 1 | Pulse| 
| 


Receive Line | | 


1 Clock | | 
2 Flag | | | | | | | | | | | | 


3 Data Buffer | | | | | | 
4 Data Transfer | | | | | | | | | | | | 


5 Reset Clock | | 


DEF 5 


CT AVLEAY NESTS) pene acacia aeeaeeaemaac aac 


1. When a start pulse is received the clock in the receive unit is started and the line is 
sampled in the center of each bit period of the character. 


2. The receive flag is set when the line is sampled and the bit is sent to the receive data 
buffer. 


3. The data buffer temporarily stores the bit which has just come in from the line. 


4. The program tests to see if the flag is set. If it is, the program will transfer the bit 
to a register. Transferring the bit will automatically reset the receive flag and data 
buffer by issuing a DEF 1 instruction. 


0. After the complete character is received the program initiates a DEF5 instruction 
which resets the clock. The clock willnot be set again until another start bit is received. 


TRANSMIT OPERATION 


Assume that the program is not transmitting and that the transmit flag is set. This means that 
the BBC is ready to take a new bit from the program. The program sends a bit to the transmit 
data buffer. This automatically resets the transmit flag. At regular intervals, the BBC transfers 
the bit in the transmit data buffer to the transmission line. When this happens, the transmit 
data buffer shifts a bit onto the line, whether or not a new bit has been supplied. The program 
must test the transmit flag and provide a new bit before this transfer occurs. This process will 
repeat for each bit in the bit stream. At the end of the bit stream, the last bit will remain in 
the transmit data buffer and will be transferred to the line regularly. Therefore, the last bit 
in a bit stream will be a 1, so that the line remains in the mark condition when no information 
is being transmitted. Note that with a BBC the length of the bit stream is completely under 
program control. 


The next diagram illustrates how the character R would be transmitted to a communications 
line. The character R would be represented in memory as 11101010, where the right-hand 0 
is the start bit and the two left-hand 1’s are the stop bits. The 5 bits in between the start bit 
and stop bits represent the 5-level teletype code for the letter R. 


1. The transmit clock occurs every bit period as specified by the data timing unit. 


2. The transmit flag is set each time the transmit clock occurs and is reset when the 
data is transferred to the transmit buffer. 


3. When the program finds the transmit flag set, it transfers the next data bit to the BBC, 
which automatically resets the transmit flag. 


4. This shows how the transmit buffer would look over a period of one character time. 


9. This shows the signal as it appears on the line. 
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1. Transmit Clock TAT LILI LI LILI LILI 


2. Transmit Flag PULL LILI LL uo 
3. Data Transfer — JUL JL JE 


4. Transmit Buffer | | | | | | 
5. Transmit Line | | | | | | 


HARDWARE SCAN 


The SCN instruction is for use with the bit channels only. It will not operate properly with any 
other buffer unit. Therefore, only bit buffers should be among the channels from C. to C f°" This 
means that all bit buffer channels should be addressed sequentially. 


Bit buffer channel addresses can not be intermixed with character buffer channels or word buffer 
channels. 


The initial channel to be scanned is specified in the instruction. The final channel to be scanned 
is specified by the scan words or channel 127, whichever occurs first. Channels are scanned 
sequentially as follows: 


mae ay, “Sago. re. pee. ea, ee 


where 


C. is the initial channel, 

C f is the final channel, and 

N number of channels scanned 
f-1+1. 


The time required for SCN is one word time for setup plus three word times for each channel 
scanned, or: 


Word Times = 1+3N. 
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This time is required whether data is transferred or not. Also, this time is required for a 
simplex, half-duplex, or full-duplex channel. 


The SCN instruction uses the A and B registers, and the previous contents will be destroyed. 
Also. the C-register will contain C, after it is completed. At the end of a Transmission, the 
last word placed in scan word one continues to be transmitted, It is necessary to put a word 
of all marks in scan word one for idle line condition, 


DEF1, DEF2, DEF5, NES1, NES2, and all data transfer is handled automatically by the SCN 
instruction. The program must, however, give the DEF3 and DEF4 instructions appropriately. 


Scan Word 1 
Must be Can be SWIF1l the next character to be 
Zero Used transmitted. 


It is possible to transmit 5-, 6-, 7-, and 8-level codes of 8, 9, 10, and 11 bits. The format 
for 5-level, 8-unit codes is: 


Spare Bits must be Zero 


End-of-Character Bit 
Stop Bits 
Data Bits 


Start Bit 


18 15.14 13° 12 41 10 ‘9 8 7 6 5 4 3 2 1 


De 1 oe 
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The format for 8-level, 11-unit codes is: 


Spare Bits must be Zero 


End-of-Character Bit 
Stop Bits 
Data Bits 


Start Bit 


18 To: 14-13 12> LI. 40 9 8 7 6 5 4 3 Z 1 


The format for 6- and 7-level codes is similar. 


It is sometimes necessary to transmit one or more fill characters. A delay time of one character 
is a marking condition on the line for one character time. This can be achieved by making the 
start bits, data bits, and stop bits all 1’s. This should also be the last character transmitted 
at the end of transmitting a message. A one-character delay for 8-level, 11-unit codes is as 
follows: 


Spare bits must be Zero 


End-of-Character bit 


Data bits are all l's 


The end-of-character bit is defined as the last 1-bit in the field. This must be present. If 
not, the last 1-bit of data will be interpreted as the end-of-character bit. 


To initialize scan word 1, the start, data, stop, and end-of-character bits must be set to all 
ones and the rest must be zero filled. 
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Scan Word 2 


SW2F4 Transmit Character Flag 


SW2F3 Code Level (5,6,7, or 8) 
SW2F2 End-Hardware-Scan Flag 


SW2Fl The character which is in the process 
of being transmitted 


Do not use 


SW2F1 is controlled entirely by hardware and requires no detail program control. The bits 
are shifted right to the bit buffer channel and then to the line until the end-of-character bit is 
in position 1. This occurs when SW2F1 is (000000000001). 


SW2F2 is set to indicate the final bit buffer channel number when the program is initially as- 
sembled and thereafter need not be considered. It is necessary to change SW2F2 for the final 
channel for any change in the number of bit buffer channels: 


1 
0 


this is the last bit buffer to be scanned. 
continue scanning. 


Hott 


If the final channel is not indicated, the SCN instruction will automatically end at channel 63 in 
Model 1 and at channel 127 in Models 2 and 3, 


SW2F3 defines for receive purposes the code level of the line (5, 6, 7 or 8), This is set when 
the program is initially assembled (or changed octally) and thereafter need not be considered. 


SW2F3 (Bits 17 and 16) 


5-level code 
6-level code 
7-level code 
8-level code 


— 
— 
— 
— 
— 
— 


SW2F4 is set by the hardware when the new transmit character is transferred from SW1F1 to 
SW2F1, It is reset by the program after the new character is loaded into SW1F1. 


1 
0 


SWI1F1 is ready for a new character 
SW1F1 is not ready for a new character, 
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To initialize scan word 2, bit positions 1-12 are set the same as in scan word 1. Bit position 15 
is set in the last line to be Scanned. Bits 17 and 16 must be set in each scan word in accordance 
with the code level for that line and bit 18 is always zero. 


Sean Word 3 


SW3F1 :s set by the hardware when SW3F2 receives a full character as defined by SW2F3. The 
data bits of SW3F1 will be in the following positions: 


J~level code in positions 2-6. Positions 7-9 are 0. 
6-level code in positions 2-7. Positions 8-9 are 0. 
7-level code in positions 2-8. Position 9 is 0. 
8-level code in positions 2-9. 


SW3F3 Receive Character Flag 


SW3F2 The character which is in the process of 
being received. The character is being 
put together in this field. 


The last character received 


Do not use 


SW3F2 is controlled entirely by hardware and requires no program control. 


SW3F3 is set by the hardware when the new received character is transferred from SW3F2 to 
SW3Fl. It is reset by the program after the new character is removed from SW3F1. SW3F1 
does not have to be changed by the program. 


SW3F3 
1 = SW3F1 has a new character 
0 = SW3F1 does not have a new character. 


Initialize scan word 3 as all zeros. 


Scan Word Locations in Memory 


The three scan words per line are located in memory as follows. 
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Location 


Decimal Octal 


Channel 512 1000 

Channel 513 1001 
Sean Word 1 

Channel 639 1177 

Channel 640 1200 

Channel 641 1201 
Scan Word 2 ; 

Channel 767 1377 

Channel 768 1400 

Channel 769 1401 
Scan Word 3 ; 


Channel 127 895 1577 


Any of the 384 locations not used for scanning BBC’s, may be used for any other purpose. For 
example, channel 0 is used for the paper tape reader and the scan instruction does not apply 
to paper tape. Scan words 1, 2 and 3 for the paper tape reader are wired in hardware. 


Receive and Transmit 


The Scan instruction accomplishes the following at a rate necessary to check each bit buffer 
once each bit time. 


Receive 


When a start bit appears in the bit buffer, the receive flag is set. The SCN instruction transfers 
the bit to the character-being-received half of scan word 3, and resets the receive flag. When 
the next bit of the character appears in the bit buffer, the receive flag is set, the SCN instruction 
shifts the previous bit over 1 position and transfers in the new bit of the character. Prior to 
each shift and transfer of a bit, the SCN instruction checks for whether or not the bit in the bit 
buffer is the last bit for the character. When the last bit is in the bit buffer, the character 
is shifted to the last-character-received side and the last bit is shifted in also. The character 
must then be shifted out by the program before another character is fully received. New charac- 


ters are shifted into the last-character-received side whether the preceding one was shifted 
out or not. 
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Must be 
zero 


Not transferred 
13 
st fof of ofofofofofofofrfifrfofr]ofofofo 
Nee ae 


7 Transmit 


18 17 6 15 


4- “13? #12 
ee 
wt TT tT? TET ET Peete fet eye: 
\ to line 
Do not use 
18 17 10 9 l 
SW3 . : ; ‘ 
Character being Received Last Character Received Receive 


| Shifted out by 


Scan Instruction Program 
—<{— : 
Transfers bit 


Receive Data Buffer 


Bit Buffer 


Figure 15, Hardware Scan Block Diagram 


Transmit 


Assuming that the transmit mode has been set, once each scan cycle a bit will be transmitted 
from the bit buffer. If nothing is to be transmitted, the line should be in a marking condition 
(idle). Scan word 2 contains the character being transmitted. Upon the completion of trans- 
mitting a character from scan word 2, the character in scan word 1 is transferred into scan 
word 2, and automatically transmitted. The program loads scan word 1 with the next character 
to be transmitted. 


PROGRAM INTERRUPT 


Program interrupt occurs under control of the Q-counter. When Q counts to zero, the following 
sequence occurs: 


1. The instruction being executed is completed. This can take from 1 to 10 (ten word times 
is the *worst case execution time of the CSR instruction) word times, depending on 
the instruction. 
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2. If a memory interrupt is requested by the controller selector, 1 word time is taken 
to service the request. 


3. Effectively, a BRS 0 is executed. This operation requires 2 word times plus execution 
of the program. Interrupt can take from 3 to 13 word times. 


If Alpha is the location of the instruction being executed when the program interrupt occurred, 
then the BRS 0 performs the following: 


1. Alpha +1 is stored in location 0. 


2. The contents of location 1 is transferred to the P-register and program execution 
started there. 


The Program Interrupt Routine must begin with: 


aap oy hal Ws Store special flip-flops 
STD WS2 Store A andB 
STC WS3 Store C 
LD) Count Load Q with new value 


The Program Interrupt Routine must end with: 


* LDC WS3 Load C 
LDD WS2 Load A and B 
LDF WSs1 Load special flip-flops 
BRU 0 ».4 Return to point of interrupt 


The Program Interrupt Routine will normally include execution of the Scan instruction. Also, 
the worst case execution of the Program Interrupt Routine will be less than the time period 
between program interrupts. Thus, a program interrupt cannot occur while a Scan instruction 
is being executed. A program interrupt during an SCN instruction cannot be successfully done. 


PROGRAMMING EXAMPLES, BIT BUFFER CHANNEL 


neem eaten ees uerassrsen re etenerotsshsiranthabenthatastsamsanpsestnnsuuavonaveanvsaneematasansttetatassamannitoneni 


The following example shows one method that might be used to receive one character from a 
bit buffer. This method does not use the SCN instruction, and therefore is rarely used. 


Location Instruction Symbol OPR Operand Remarks 
15530 ORG 7000 ORIGIN LOCATION 7000 
15530 011006 PIC 6 ADDRESS OF BIT BUFFER 
15533.) 600000 RECVE LDB BIT/ BIT NUMBER SEVEN 
Lo Do2 022001 NES l RECEIVE FLAG SET 
15533 121531 BZE *-] NO, GO BACK 
15534 042444 SR1 BR,B YES, SHIFT NEW BIT TO B-REGISTER 
15535 160000 BEV RECVE+1 COMPLETE CHARACTER NOT IN, GO BACK 
15536 026020 DEF ) CHARACTER IN, RESET RECEIVE CLOCK 
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Initially bit 7 is put into the B-register. This will be used to test whether a whole 
character has been received. 


The NES1 command tests to see if the receive flag is set. If the flag is not set, the 
BZE command branches back to test the flag again. 


If the flag is set, the bit contained in the data buffer is shifted into position 17 of the 
B-register. 


If the B-register is even, control is transferred back to get the next bit. If the B- 
register is odd, meaning the initial bit set in B has reached position 1, the even test 
fails and the program continues with the next instruction. 


The DEF5 instruction resets the receive clock. 


The next example is one method which might be used to transmit one character onto a trans- 
mission line via a bit buffer without using the SCN instruction. 


Location 


03720 
03721 
03722 
03723 
03724 
03725 
03726 


Instruction Symbol OPR. Operand Remarks 
03720 ORG 2000 
02400 SNCHAR EQU 1280 
603120 LDB SNCHAR LOAD CHARACTER FROM TABLE 
011006 PIC 6 ADDRESS OF BUFFER 
022002 XMIT NES Z TRANSMIT FLAG SET 
1224 BZE x=] NO, GO BACK 
060401 TRA B,T TRANSFER BIT TO TRANSMIT DATA DRIVERS 
042404 SR1 B,B SHIFT B-REGISTER RIGHT ONE 
L3k7 21 BNZ XMIT WHOLE CHARACTER NOT OUT, GO BACK 


The character to be transmitted is put into the B-register. 

The transmit flag is tested to see if it is set. 

When the flag sets the low order bit of B is sent to the transmit buffer. 

Bits shifted right 1 place and tested for zero. If Bis non-zero, control is transferred 


back to transmit next bit. When B becomes zero, the BNZ test fails and the program 
goes on to execute the next instruction. 


The next two examples show how to receive a character and transmit a character using Hard- 
ware Scan (SCN). It should be noted these are examples and do not necessarily show the way 
they will be written in the operating programs. 
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Receive - Hardware Scan 


Location Instruction Symbol OPR Operand Remarks 
REM SAMPLE HARDWARE SCAN RECEIVE 
PROGRAM 
05670 ORG 3000 ORIGIN 3000 
01400 SSCW3 EQU 768 SCAN WORD STARTING ADDRESS 
05670 377777 NBIT18 OCT 377777 MASK FOR RECEIVE FLAG 
05671 030001 START SCN 1 SCAN BIT BUFFER 
05672 603060 LDB S$SCW3 LOAD CHARACTER BEING RECEIVED 
05673 141671 BPL *-2 CHARACTER NOT IN, GO BACK 
05674 401670 LDA NBIT18 CHARACTER IN, GET MASK CONSTANT 
05675 533060 NAM $SCW3 MASK OFF RECEIVE FLAG 
Transmit - Hardware Scan 
Location Instruction Symbol OPR Operand Remarks 
01750 ORG 1000 ORIGIN LOCATION 1000 
01000 SSCW1 EQU 513 SCAN WORD ONE 
01200 SSCW2 EQU 641 SCAN WORD TWO 
01750 030001 SCN 1 SCAN BIT BUFFER 
01751 603050 LDB SSCW2 LOAD SCAN WORD TWO 
01752 141750 BPL w= 2 TRANSMIT FLAG NOT SET, GO BACK 
01753 603070 LDB SXWORD LOAD CHARACTER TO BE TRANSMITTED 
01754 703040 STB SSCW1 STORE IN SCAN WORD ONE 
01755 601767 LDB BIT18N LOAD MASK 
01756 733050 NBM SSCW2 MASK OFF TRANSMIT FLAG 
01767 377777 BITI8N OCT 377777 MASK CONSTANT 
01600 SXWORD EQU 896 TABLE LOCATION, NEXT CHARACTER TO 


XMIT. 


Next, is a simplified example of a Program Interrupt Executive Routine containing a Scan instruc- 
tion. At Symbol PIE1 is found the Store Flip-Flops instruction. This saves all the branch and 
control flip-flops from the last instruction executed. Next, all the registers are stored and the 
SCN (Scan) instruction is issued. Upon leaving the Scan instruction, the registers and flip- 
flops are restored and control is transferred back to the program which was interrupted. 


if control of mode conditions within the bit buffers is required, it should be noted that the indi- 
vidual channels must be set to their appropriate mode before entering the Scan Operation 
(Receive or Transmit Mode). 
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Location Instruction Symbol OPR Operand x Remarks 


REM SAMPLE PROGRAM INTERRUPT EXECUTIVE 
00000 ORG 0000 ORIGIN OF SUBROUTINE LINK 
OO000 000000 PIE IND 0 LOCATION ZERO 
00001 017500 IND PIE] LOCATION ONE 
17500 ORG 8000 ORIGIN OF PIE SUBROUTINE 
17500 361514 PIEL STF PIEF STORE FLIP-FLOPS 
17501 231515 LDQ PIEQ LOAD Q-COUNTER 
17502 301511 STC PIEC STORE C-COUNTER 
17503 311512 STD PIED STORE A- AND B-REGISTERS 
17504 030001 SCN 1 SCAN BIT BUFFERS 
17505 211512 LDD PIED LOAD A- AND B-REGISTERS 
17506 201511 LDC PIEC LOAD C-COUNTER 
17507 261514 LDF PIEF LOAD FLIP-FLOPS 
17510 106000 BRU PIE X BRANCH BACK TO EXIT POINT 
17511 000000 PIEC DEC 0) TEMPORARY STORAGE FOR C-COUNTER 
17512 000000 PIED DEC 0 STORAGE FOR A-REGISTER 
17513 000000 DEC 0 STORAGE FOR B-REGISTER 
17514 000000 PIEF DEC 0 FLIP-FLOP STORAGE 
17515 003554 PIEQ DEC 1900 Q-COUNTER STORAGE (CONSTANT) 


Character Buffer Channel (CBC) 
The character buffer channel provides the interface to a half-duplex transmission line. The 


standard bit stream lengths are 5, 6, 7, and 8 bits. The character buffers should be used on 
lines operating at 300 bits per second or greater. 


CHARACTER BUFFER INSTRUCTIONS 


Mnemonic Operand Word Times 
Register Transfer at (TRA from to T) 


The least significant 5, 6, 7 or 8 bits of the 
Z-drivers are sent to the transmit data buffer 
and the transmit flag is reset. 


Register Transfer R, (TRA from R to__) 


The 5, 6, 7 or 8 bits as specified by the size 
of the character buffer are transferred from 
R to the least significant positions in Y and 
then in accordance with the register transfer 
instructions, The receive data buffer and flag 


a ee are reset (DEF 1). 


8 5 1 


R (8,7,6, or 5 - 1) 
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Mnemonic Operand Word Times 


DEF I 1 
1 - Reset receive flag and data register } VCA 
2 - Reset transmit flag and data register 103 A/F 
3 - Reset request to send mae ace ais 201A4/B 202C/D 
4 - Set request to send 
. - Set supervisor transmit data 
6 - Reset supervisor transmit data 
7-8 - Not used 
9 - Set data mode 103A 
O - Reset data mode 202C/D 
NES I 1 
; 103F 
- Receive flag set (data register contains a new character 201A4/B 103A 202C/D 
- Transmit flag set (data register is ready for a new character Gun 


- Call in progress 
- Request answer 
Data mode } 103A/F 


- Carrier on 201A/B 

- Clear to send 202C/D 

- Supervisory receive data--202C/D only 
- Not used 


OmwATM oS We 
" 


Ne) 
i 


The two models of this character buffer are CBC930 and CBC930G2. The character buffer channel 
can interface with a Voltage Current Adaptor or telephone company data sets 103A/F, 2014/B, 
or 202C/D. The DEF and NES instructions for a CBC vary depending on the model used and the 
line interface. Model CBC930G2 has all the DEF and NES instructions shown above. Model 
CBC930 has all instructions shown except DEF 5, DEF 6, and NES 9, The variations according 
to the subset are indicated, 


RECEIVE OPERATION 


Assume that the character buffer channel (CBC) has been put in the receive mode by the pro- 
gram, that the receive flag is reset, and that the sending unit is transmitting a continuous stream 
of marks. (The line is in the idle condition.) The sending unit starts transmitting a character. 
The character is preceded by a start bit (a space) and followed by a stop bit (a mark). When 
the start bit is received, a clock is started. The clock is used to time the future sampling 
of the line. The start bit is shifted into the shift register. At regular intervals, the line is 
sampled and the bit which is present at sampling time is shifted into the shift register. When 
the shift register is full, the character bits are automatically transferred into the data register, 
the receive flag is set, and the clock is stopped. The clock will start again and the above process 
will repeat when the next start bit is received on the transmission line. As a protection against 
noise on the transmission line causing the clock to start running, the character buffer circuitry 
requires that the space condition exist on the line for at least one-half of a bit time to start 
the clock. Thus, noise of less duration than one-half of a bit time will have no effect. Since 
the character buffer will transfer a word into the data register whether or not the data register 
and receive flag are reset, the program must test the receive flag and take the character before 
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another is transferred into the data register. When the program takes the character from 
the data register, the data register and the receive flag are automatically reset. 
The timing diagram (Figure 16) illustrates how an 8-bit word would be received at a CBC. 
1. The DEF 3 instruction puts the CBC into the receive mode. 
2. The DEF 1 instruction resets the receive flag and data buffer. 
3. The receive clock is shown sampling the line every bit period. 


4. Line 4 shows that the contents of the receive buffer are transferred to the data register 
after all the bits are received. 


0. Line 5 shows the receive communications line going into the CBC. 
6. Line 6 shows what the receive buffer would look like after allbits are received. 


7. Line 8 shows the receive flag setting when the receive buffer is transferred to the 
data register. 


1) DEF 3 


3 Rec. Clock FULL. 
4 Transfer Receive ee | ee 


Buffer to Data 


Register 
5 Receive Line | | | 
6 Receive Buffer Onde. ode oie. ae. ab athe SE 


Data Stop Bits 


ee ee 
7 Receive Flag 


Figure 16. CBC Receive Timing Diagram 
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TRANSMIT OPERATION 


Assume that the program has put the CBC in the transmit mode, the CBC is in theprocess 
of sending a word out on the line, and a word is waiting in the data register. When the current 
word has been shifted into the line, the CBC will transfer the word in the data register to the 
shift register. At this time, the transmit flag will automatically be set. The 5 bits transferred 
into the shift register will automatically be preceded by a start bit and followed by 2 stop bits 
when transmitted onto the line for a total of 8 bits. When the shift register is again empty, 
the CBC will transfer the word in the data register to the shift register and repeat the process 
if the transmit flag is reset. However,if the transmit flag is still set, indicating that the program 
has not put a new word into the data register, the CBC will continue to put stop bits (marks) 
on the line until the transmit flag is reset. When the program transfers a new word into the 
data register, the transmit flag will be automatically reset and the above process will be re- 
peated. For maximum line utilization, the program must test the transmit flag and supply a 
new word before the current word has been completely shifted onto the line. 


The timing diagram (Figure 17) illustrates graphically what happens when a 5-bit character 
is transmitted onto a communications line by a character buffer channel. 


1 DEF 4 ee 

2 Transmit Clock — JU 

3 Transfer Data | | 
Register to Transmit 


Buffer shift register 


Start Data Stop 
Gy ee ae 
4 Transmit Buffer 0 60 1 O 1 O k. 4A 


5 Transmit Line | | | 
6 Transmit Flag 


Figure 17, CBC Transmit Timing Diagram 
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1. The DEF 4 instruction sets the character buffer to the transmit mode. 
2. The transmit clock sends data onto the line at regular intervals. 


3. When the transmit buffer shift register becomes empty the data contained in the data 
register is transferred to the shift register. 


4, This is the binary representation of the character in the shift register. 
0. Line 5 shows the output of the transmit section of the character buffer. 
6. The transmit flag is shown setting when the word is transferred from the data register 


to the shift register. 


The example below shows one method that might be used to receive characters from a character 
buffer. 


Symbol OPR Operand Xx Remarks 
ORG 7000 
DEF 31 SET RECELVE MODE, RESET FLAG AND 
BUFFER 
LOOK NES 1 RECEIVE FLAG SET? 
BZE ve] NO, GO BACK 
TRA R,B YES, TRANSFER CHARACTER TO B 
STB INPUT X STORE IN MEMORY 
ADO INPUT ADD ONE TO INPUT ADDRESS 
XBZ EOM IS THIS THE END OF MESSAGE? 
BNZ LOOK NO, GO GET ANOTHER CHARACTER 
INPUT IND 1000 INPUT ADDRESS 
EOM OCT 000077 END-OF-MESSAGE CHARACTER 


1. The DEF 31 instruction puts the character buffer into the receive mode and resets 
the receive flag and data buffer. 


2. The NES 1 command tests the receive flag for a set condition. 
3. When the flag sets, the BZE testfails and the character is transferred to the B-register. 
4. The character is stored inmemory andtestedto see if it is an end-of-message character. 


o. If the character isn’t an EOM, control is transferred back to get next character. 


Word Buffer Channel (WBC) 
The word buffer channel (WBC) provides the interface to a half-duplex transmission line, on a 


word basis. A WBC buffers a bit stream 20 bits in length, where the length is determined by 
the wiring in the 20-bit code level connector. 
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The 20-bit buffer is intended for interconnecting DATANET-30’s. Usually system considerations 
indicate that a WBC should be used on lines operating at more than 300 bits per second. The 
following rates are selectable with standard speed connectors: 600, 1200, 1800, 2000, 2400, and 
3000 bits per second. Two WBC’s can be mounted in a buffer module and the speeds of operation 
may be independently selected. Each buffer selector address of each WBC is independently 
assigned and is specified by the wiring of the address plug for the module. 


WORD BUFFER INSTRUCTION 


Mnemonic Operand Word Times 
Register Transfer R, (TRA from R, to ) 


The 20 bits in the data register are distributed as follows: 


Bits 18-1 go to R(18-1). Bit 19 goes to the 
control bit 1 flip-flop and bit 20 goes to the 
control bit 3 flip-flops. The receive flag and 
data register are reset. 


20 19 18 1 
R (18-1) 


Control Bit 1 F-F 


Control Bit 3 F-F 


Register Transfer ot, (TRA from to T) 


Bits 18-1 of the B-register are transferred 
to bits 18-1 of the transmit data register. 
Bits 19 and 20 of the transmit data register 
come from control bit 1 and the word parity 
network. 


Word Parity Network 
Control Bit 1 F-F 


T (18-1) 


20 19 18 1 
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Mnemonic Operand Word Times 


DEF I 1 
1 Reset receive flag and data buffer. 
2 Reset transmit flag and data register. 
3 Set receive mode (turn carrier off). 
4 Set transmit mode (turn carrier on) and initiate transmission. 
0-10 Not used. 
NES I 1 
1 Receive flag set (data register contains a new word). 
2 Transmit flag set (data register is ready for a new word). 
3-10 Not used. 


LDT - Do not uSe. 
SCN - Do not use. 


RECEIVE OPERATION 


Assume that the WBC has been put in the receive mode by the program, that the receive flag 
is reset, and that the sending unit is transmitting a continuous stream of marks (the line is in 
the idle condition). The sending unit starts transmitting a 20-bit word. The word is preceded 
by a start bit (a space) and followed by a stop bit (a mark). When the start bit is received, a 
clock is started. The clock is used to time the future sampling of the line. The start bit is 
shifted into the shift register. At regular intervals, the line is sampled and the bit which is 
present at sampling time is shifted into the shift register. When the shift register is full, the 
20-data bits are automatically transferred into the data register, the receive flag is set, and 
the clock is stopped. The ciock will start again and the above process will repeat when the 
next start bit is received on the transmission line. As a protection against noise on the trans- 
mission line causing the clock to start running, the word buffer circuitry requires that the space 
condition exist on the line for at least one-half of a bit time to start the clock. Thus, noise of 
less duration than one-half of a bit time will have no effect. Since the word buffer will transfer 
a word into the data register whether or not the data register and receive flag are reset, the 
program must test the receive flag and take the word before another is transferred into the data 
register. When the program takes the word from the data register, the data register and the 
receive flag are automatically reset. 


The timing diagram (Figure 18) illustrates how a 20-bit word would be received at a WBC: 
1. The DEF 3 instruction puts the WBC into the receive mode. 
2. The DEF 1 instruction resets the receive flag and data buffer. 


3. The receive clock is shown sampling the line every bit period. 
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4, Line 4 shows that the contents of the receive buffer are transferred to the data register 
after all the bits are received. 


0. Line 5 shows the receive communications line going into the WBC. 
6. Line 6 shows what the receive buffer would look like after all 22 bits are received. 


7. Line 7 shows the receive flag setting when the receive buffer is transferred to the 
data register. 


DEF 3 | : 
DEF 1 | | 


Rec. Clock 


Transfer Receive 
Buffer to Data 


Register 


Receive Line | | | | | | : | : | | | | | 


Oopsde ae: sh 70 ob, GF ab. i 20 SE 6 Oe a a OE ode LO Ba 
Receive Buffer vis Se op 


Bit 
Bit 


Receive Flag ee 


Figure 18. WBC Receive Timing Diagram 


TRANSMIT OPERATION 


Assume that the program has put the WBC in the transmit mode, the WBC is in the process of 
sending a word out on the line, and a word is waiting in the data register. When the current 
word has been shifted into the line, the WBC will transfer the word in the data register to the 
shift register. At this time, the transmit flag will automatically be set. The 20 bits transferred 
into the shift register will automatically be preceded by a start bit and followed by a stop bit 
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when transmitted onto the line for a total of 22 bits. When the shift register is again empty, 
the WBC will transfer the word in the data register to the shift register and repeat the process 
if the transmit flag is reset. However, if the transmit flag is still set, indicating that the pro- 
gram has not put a new word intothe data register, the WBC will continue to put stop bits (marks) 
on the line until the transmit flag is reset. When the program transfers a new word into the 
data register, the transmit flag will be automatically reset and the above process will be re- 
peated. For maximum line utilization, the program must test the transmit flag and supplya 
new word before the current word has been completely shifted onto the line. 


1 DEF 4 — | 


2 Transmit Clock 


3 Transfer Data | | 


Register to 


Transmit Buffer Start 
Stop 
fo oe 
4 Transmit Buffer O. de ie Os: Se oO". tie. A i? Ot a a SO Oe ee od SO 


5 Transmit Line | | | | | | | | | | | | | 
6 Transmit Flag | 


Figure 19. WBC Transmit Timing Diagram 
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The timing diagram (Figure 19) illustrates what happens when a 20-bit word is transmitted onto 
a communications line by a word buffer channel: 


1. The DEF 4 instruction sets the WBC to the transmit mode. 


2. The transmit clock sends data onto the line at regular intervals determined by the 
baud rate of the line. 


3. When the transmit buffer shift register becomes empty the data contained in the data 
register is transferred to the shift register. 


4. This is the binary representation of the binary word in the shift register. 


0. Line 5 shows the output of the transmit section of the WBC. 


6. The transmit flag is shown setting when the word is transferred from the data register 
to the shift register. 


RECEIVE-WORD BUFFER EXAMPLE 


Location Instruction 

03720 
03720 011017 
03721 026005 
03722 022001 
03723 E21 7-22 
03724 060044 
03725 705730 
03726 341730 
03727 101722 
03730 005670 


Symbol 


RECVE 


MEMORY 


Remarks 


RECEIVE VIA WORD BUFFER 
ORIGIN LOCATION 2000 

PLACE BUFFER ADDRESS IN C 
SET RECEIVE MODE, RESET BUFFER 
TEST FOR FLAG SET 

NOT SET, GO BACK 

SET, TRANSFER R TO B 

STORE WORD IN MEMORY 
INCREMENT MEMORY ADDRESS 

GO GET NEXT WORD 

INPUT AREA INDIRECT ADDRESS 


Initially the word buffer address is put into the C-register. The receive mode is set and the 


buffer is reset by the DEF 3 1 instruction. 


The flag is tested and the program waits for the 


flag to set. When the flag sets, the contents of the data buffer are transferred to the B-register, 
which automatically resets the receive flag and data buffer. The data is stored in memory, 
and control is transferred back to get next word. 
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TRANSMIT-WORD BUFFER-EXAMPLE 


Location 


07640 
07641 
07642 
07643 
07644 
07645 
07646 
07647 
07648 
07649 
07650 
07651 
07652 
07653 
07654 
07655 
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Instruction 


07640 
011032 
062004 
022002 
121642 
060401 
026010 
605655 
022002 
121647 
060401 
341655 
351654 
131646 
106000 


Symbol 


LOOP 


WDCNT 
NEXTWD 
WBCHN 


OPR 


ORG 
PIC 
TRC 
NES 
BZE 
TRA 
DEF 
LDB 
NES 
BZE 
TRA 
ADO 
SBO 
BNZ 
BRU 
DEC 
IND 
EQU 
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Operand X 


4000 
WBCHN 
O,B 


Remarks 


ORIGIN LOCATION 4000 

PUT WORD BUFFER ADDRESS IN C 
TRANSFER ALL 1's TO B 
TRANSMIT FLAG SET 

NO, GO BACK 

YES, TRANSFER WORD TO BUFFER 
SET TRANSMIT MODE 

LOAD NEXT WORD TO GO 
TRANSMIT FLAG SET 

NO, GO BACK 

YES, TRANSFER WORD TO BUFFER 
ADD ONE TO OUTPUT AREA ADDRESS 
SUBTRACT ONE FROM WORD COUNT 
BRANCH TO TRANSMIT NEXT WORD 
BRANCH LOCATION 0 

NUMBER OF WORDS TO GO 

OUTPUT AREA INDIRECT ADDRESS 


PROGRAMMING THE PERFORATED TAPE READER 


The perforated tape reader reads at a continuous rate of 300 characters per second. Tape can 
be read under program control or hardware control, depending upon the format in which it is 
punched, Perforated tape punched in the hardware load format is always read at the maximum 
300-character-per-second rate under automatic control of the DATANET-30 circuitry, The 
perforated tape reader is always on buffer selector address 0, 


Perforated tape may be read under program control in two modes, continuous mode and step 
mode, Five- to eight-level tape may be read but normally only eight-level tape will be used. 
If perforated tape is read in continuous mode, the character under the read station must be taken 
away 500 microseconds after the flag is set. If the 500 microsecond timing restriction is not 
met, reading must be done in the step mode at a speed of approximately 50 characters per second, 


In either mode, when the sprocket hole is detected, the character under the read station causes 
the receive flag to be set. When the character is taken away, the flag is automatically reset 
and the reader moves the tape to the next character, This control of the movement of tape is 
in effect at both 300 and 50 characters-per-second speeds, The sprocket hole serves as a timing 
source, A sprocket hole only indicates a character and will set the receive flag. 


The reader is turned on by the POWER ON switch on the perforated tape reader control panel. 
Normal operation requires that the reader be turned on at all times. 


Reading Perforated Tape Under Program Control 
PERFORATED TAPE READER INSTRUCTIONS 

Following are the perforated tape reader instructions: 

Register Transfer (From R,__) 


The character contained in the buffer is transferred to register A or B, as in the diagram below. 
The receive flag and data buffer are reset, If stopped, any register transfer instruction from 
R starts tape moving or allows the movement of tape to continue, 


21 20 19418 6 2 4. 35-2 2 To A or B 


oy Input Buffer 0 
0000 .000 


Channel lL 


Sprocket 


Channel 8 
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DEF 1 Reset flag and read next character, The reader starts tape moving through the 


reader or allows the movement of tape to continue. 


DEF 2-10 No effect. 

NES 1 Read flag set (a new character is ready), 
SCN Do not use. 

LDT No effect. 


Register Transfer . T - No effect. 


The following example is a few lines of coding which show one way in which perforated tape 
might be read, In this example, tape is punched in 6-level code and 3 characters are assembled 
into one word, Channels 7 and 8 are not punched, In this example, the 7 and 8 channels are 
transferred but are not used, 


Location Instruction Symbol OPR Operand X Remarks 
13560 ORG 6000 ORIGIN LOCATION 
13560 011000 PIC 0) PUT PAPER TAPE READER ADDRESS IN C 
13561 022001 READ NES 1 CHARACTER PRESENT? 
13562 121561 BZE *= 1] NO, GO BACK 
13503 044044 SLO R,B YES, SHIFT TO B-REGISTER 
13564 O22001 NES it CHARACTER PRESENT? 
13565 121564 BZE c=] NO, GO BACK 
13566 044444 SL6 BR,B YES, SHIFT TO B-REGISTER 
13567 O22001 NES 1 CHARACTER PRESENT? 
13570 121567 BZE *-] NO, GO BACK 
1357] 060444 TRA BR,B YES, TRANSFER TO B 
| ies fo Ws 705576 STB WKSTOR STORE IN MEMORY INPUT AREA 
13573 341576 ADO WKSTOR ADD 1 TO INDIRECT MEMORY ADDRESS 
13574 771577 XBZ STOP IS THIS A STOP WORD? 
L357 131561 BNZ READ NO, GO READ NEW WORD 
LaoT6 OO1L750 WKSTOR IND 1000 INDIRECT ADDRESS 
13577 777777 STOP OCT 777777 STOP CONSTANT 


Initially buffer selector address O is put into the C-register, 
buffer for a character, 


The NESI command tests the 


and status line 1 will remain a 0 until a character is present, When 


the flag sets, the program falls through the BZE test and shifts the character into the B-register. 
When three characters have been assembled in the B-register, they are stored away in memory 
and a test is made to See if the last word was a stop signal, If the word was not a stop Signal, 
control is transferred back to the symbol READ and the reading process continues, 


Note: When tape is loaded in the reader, the tape will stop with a sprocket hole over the read 
station. A sprocket hole by itself will set the flag and represents a “blank” character, 


DATANET = 50 


V-33 


PROGRAM LOAD FORMAT 
A perforated tape generated by General Assembly Program 3 (run on a GE-225 computer) in the 


program load format can only be loaded into the DATANET-30 by a loader program, It is not 
hardware loadable. 


The program load perforated tape code is shown below: 


Channel on Tape 


Leader 1 = Hole 


Flag 0 = No Hole 


EXAMPLE: Sprocket hole 
18 inch Leader 


4 


SSP lap 
Word Count 
(Number Of data words 
in this record) 


Tape Movement 


Origin 
Binary Data Card 
Image 

Data 
6 frames/word 


} Hash Total 


Blank Frame 


WU; Fla 
| YW —q—____—Word Count 


Binary Data Card \\y} <4 Origin (6 frames) 
Image 


Aenean errr ARI EST 
eterna ett ORO tt ae ASTRA 
ee ee eae 


~t—_—_——-Data 


ATT} esh Total 
i a ee 


Blank 
Fl 
Transfer Card Khe 
ene ae ame be or Next 
. Program 
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Hardware Load and the Perforated Tape Reader 

Once initiated, the loading of data from the perforated tape reader is accomplished entirely under 
hardware control, A special format (operation code), in channels 7 and 8 (the control channels) 
controls the shift of data in channels 1-6 from the reader to the B-register and then into memory. 


The characters in channels 1-6 are transferred into the B-register and assembled to form a 
word, Since the DATANET-30 word is 18 bits, two shifts of 6 bits each are required, 


18 13. 12 7 6 i 


SL6 SL6 6 bits from reader 


When the B-register is filled with the third transfer of data into B, the word is transferred 
to memory. (Operation code 01XXXXX<X,) 


Operation code in 


channels 8 & 7 Operation 
8 7 654321 
1 0 111111 Begin hardware load, The reader searches for this code before the transfer 


of data can start, 


0 0 XXXKXXX SL6 BR,B 
Bits 1-6 from the paper tape reader are OR-ed into 1-6 of Y with the 
contents of the B-register. Y is shifted left 6 to Z. Z is transferred to 
the B-register., 


O 1 XXXXXX TRA BR,B 
Store B in memory location specified by P. Count Pup 1. Clear B, 


Bits 1-6 from the paper tape reader are OR-ed into 1-6 of Y with the 
contents of the B-register, Y is transferred to Z without change. Z is 
transferred to the B-register. The contents of the B~-register are stored 
in memory as specified by P. P is counted up by 1, and the B-register 
is cleared. 


11 XXXXXX TRA BR,B 
TRA B,P. Clear B 


Bits 1-6 from the paper tape reader are OR-ed into 1-6 of Y with the 
contents of the B-register, Y is transferred to Z without change. Z is 


transferred to B. Then the contents of the B-register are transferred 
to P, and the B-register is cleared. 
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Operation code in 


channels 8 & 7 Operation 
10 XXXXxX0 End hardware load. Control is automatically transferred to the program. 


The program starts at the address specified by the P-counter, 


Note: Only begin hardware load and end hardware load use all 8 channels for the operation 
code. A punch is a 1, a blankisa0O, A blank space (sprocket hole only) causes zeros to be 
transferred into B. 


DATANET = $0 


V-36 


STRUCTURE TABLE TO 
HARDWARE LOAD OPERATION 


The sequence of operations for hardware load is shown by the following steps: 


1, When hardware load is initiated, the C-register is set to zero, the Q-counter is set 
to -1, the paper starts moving through the reader, and the tape is examined for the 


begin hardware load character. 


2. Read a character, 


Character 
87 | 054321 This Occurs Go To Step 
1 
io ! ie Gl ESka Sets B-register to Zero 3 
) Begin HWL 
| 
i 
XX 1 XXXXXX Nothing happens 2 
any character 
except hardware 
load 
3, Read a character. 
Character 
87 j 094321 Go To Step 
SEE DI EEE ah ROE ESE: 
{ 
OO | XXXXXX (OXX) SL6 BR,B 3 
Ooi i 
| 
OL, XXXXXX (1XX) TRA BR,B 
ae STB "P CTR" 
1 ; X X Count P (P=P+1) 
; Set B-register to zero 3 
l 
11,! xxxxxx (3XX) TRA BR,P 
QA, x J ; 
Set B-register to zero 3 
3 | XK X 
10 1 000000 (200) Start the program at 
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Starting Location 
of Program 


Hardware Load Format 


The Hardware Load format output of the assembly program may be loaded into the DATANET-30 
by either Hardware Load or a Loader program. When the perforated tape is loaded via a Loader 
program, checking is accomplished by the block hash total and program hash total, When the 
perforated tape is loaded via Hardware Load, no checking by hash total is accomplished, 


The block hash total is located at position N+ 1 of a block of N words, Program hash total is 
located after the address of a transfer word, and before the end hardware load character. Block 
is the equivalent of a binary card or binary tape record, Octal cards will be converted to a 
block length of one, An example of Hardware Load perforated tape format is shown below: 


| arpa 18 inches of Leader 


Tape nea 
Moves waf@—— Start H.b. Character 
This Way p7pj733,- wg Word Count (N) 


Binary Data Card UY ag Opin 


= Data 


TT ress toes roe 


T7 } ora Count 
Binary Data Card IW \} —<¢————- Origin 


soe, Wy bie BLOCK Hash Total 


Transfer Card } << word Count (=0) 
i 


« «Ke ~q—_—_____—— Origin (Transfer) 
YY << Propres ash ota 


H.L. Character 


a Blank Frames 


of Leader 
(next Program will start 
with "Start H.L. Character") 


Next Program or 18 inches 


DATANET= 50 


V-38 


ASSEMBLY PROGRAMS 


DATANET-30 source programs can be assembled either on a GE-225/235 computer or ona 
DATANET-30, 


The DATANET-30 assembly program run on the GE-225/235 is CD225F2,001/2, Information 
on this assembly program is included in Appendix A of this manual. 


The DATANET-30 assembly program run on the DATANET-30 is CDD30F1.001/2, Information 
on this assembly program is contained in publication CPB-1074. 


The assembly program run on the DATANET-30 will accept programs written for the DATANET- 
30 assembly program run on the GE-225 computer, thus providing compatibility for assembling 
DATANET-30 Source programs, 


UTILITY ROUTINES 


Since the output from the DATANET-30 assembly program run on the GE-225 is magnetic tape 
(switch option) or punched cards andtheinput to the DATANET-30 is perforated tape, a conversion 
program is needed, A utility routine (General Assembly Program 3) on the DATANET-30 General 
Assembly Program systems tape will accomplish this, producing perforated tape in various 
formats on a free-standing perforated tape unit which has the eight-level straight transfer mode. 
One of the formats is compatible with Hardware Load, so that self-loading programs can be 
produced, Other formats are read by tape loader programs, The Paper Tape Conversion 
(General Assembly Program 3) Utility Routine for perforated tape can be run following the 
DATANET-30 General Assembly Program by setting the console switches. 
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PROGRAMMING AIDS 


Aids for program debugging are abailable. The following is a list of these and other software 


that have been developed. 


Information regarding these and other software aids as they are 


developed can be obtained from the Computer Program Library, Computer Department, General 
Electric Company, P.O. Box 2961, Phoenix, Arizona, 85001. 


LIBRARY NUMBER 


CDD30B1,001 


CDD30B1.002 


CDD30B2,001 


CDD30B2,002 


CDD30B2,003 


CDD30B2.005 


CDD30B2.006 


CDD30B3.001 


CDD30B3,002 


CDD30B3,003 


CDD30B3,004 


CDD30D1.001 


CDD30D1.002 
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DESCRIPTION 


Card Loader--Loads binary and octal cards into memory. This 
is a paper tape loop for the tape reader of the DATANET-30. 


Bootstrap Tape Loader--Loads programs from magnetic tape. 


Edited Memory Dump--Dumps all of memory on the printer except 
for the memory dump program, Prints 8 memory locations per 
line, The starting address of the 8 memory locations is to the 
left of each line printed, (8 or 16k.) 


CORE Dump Mnemonics--Dumps memory on the printer, Dumps 
a line in octal and on the next line prints mnemonic op code. 


Memory Dump--Octal/Baudot--Dumps on the printer 8 words per 
line followed on the same line by the Baudot Equivalent of the 
8 words, 


Trace--Prints every instruction of a non-real time program and 
the state of the working registers after each instruction is executed, 


Memory Lookup--Searches for specified bit patterns entered 
through the switches and lists on the printer all locations where 
the bit pattern appears, Will also list all references to a specific 
memory location, 


Magnetic Tape Dump--Dump to printer binary or BCD tape in 
octal format, 


Tape or Card to Tape--Writes BCD tapes to tape or Hollerith 
cards to tape. 


Decimal Tape to Printer--Dumps BCD tape to printer. 


Mixed Binary Octal Cards to Magnetic Tape--Writes DATANET-30 
object programs on magnetic tape. 


Multiply--Multiplies two 17 bit words to produce a 35 bit product, 


Divide--Divides 35 bit word by 17 bit word to produce up toa 17 
bit quotient and 16 bit remainder. 
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LIBRARY NUMBER 


CDD30E1.001 


CDD30E8,001 


CDD30E8.002 


CDD30E8,003 


CDD30E8,004 
CDD380E8,005 


CDD30F 2,001 
CDD30F2,002 
CDD225F2.001 


CDD225F 2,002 
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DESCRIPTION 


Card Read--Reads a card and stores in memory. No con- 
version, 


Disc Storage Unit I/O--Simplifies the use of the DSU by 
performing the necessary preparatory and error checking 
functions associated with reading and writing on the DSU. 


Data to Disc Storage Unit--Loads card data on DSU in Octal, 
Baudot or BCD, 


Dynamic DSU Dump with I/O--Permits dumping the DSU 
transfers in real-time on the printer, Also permits DSU 
updates and moves, 


DSU Dump to Printer--Printout in octal and Baudotof selected 
sequential DSU records, 


Zero DSU--Zero selected areas of the DSU under console 
switch control. 


DATANET-30 Assembler on the DATANET-30 (Cards). 
DATANET-30 Assembler on the DATANET-30 (Tape). 
DATANET-30 Assembler on the GE-225 (Cards). 


DATANET-30 Assembler on the GE-225 (Tape). 
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APPENDIX A 


ASSEMBLY PROGRAMS 


Appendix A to this manual covers the DATANET-30 General ASSsembly Program 
run on the GE-225 computer. 


Publication CPB-1074 covers the DATANET-30 Assembly Program run on the 
DATANET-80. 


Both Appendix A to this manual and CPB-1074 are available from: 


Marketing Distribution Center 
Computer Department 
General Electric Company 

P. O. Box 2961 

Phoenix, Arizona, 85002 


ae ee rite rer eieeareimemiieminmmnenienatitementies 


APPENDIX B 


CHARACTERISTICS SUMMARY 


COMMUNICATIONS PROCESSOR 


Single address 

Stored program 
Read/compute/write cycle 

Binary 

18 bit word length 

Parallel 

128 buffer selector channels 
Automatic program reload 

Memory interrupt feature 
Automatic bit buffer scan command 
Elapsed time program interrupt counter 
78 basic instructions 

Indirect addressing 

Indexing 

6.94 microsecond word time 


MEMORY 


6.94 microsecond memory cycle 
Memory size (words): 


4,096 
8,192 
16,384 


HARDWARE SCAN 


Bit buffer units only 
5-, 6-, 7-, or 8-level codes 


9 


Scan time: 21 microseconds per simplex, half-duplex, or full-duplex channel, 
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INSTRUCTION SUMMARY 


Time in Microseconds 


Load Single and double word 14 and 21 
Store Single and double word 14 and 21 
Arithmetic 18 bit parallel addition 14 
Logical AND, OR and EXCLUSIVE OR 14 
Branch Conditional and unconditional 7 

To subroutine 21 
Register Transfer 7 


BUFFER SELECTOR BUFFER UNITS 

Bit Buffer Unit 
10 simplex channels input and 10 simplex channels output/module 
10 half-duplex channels/module 


10 full-duplex (or echoplex) channels/module 


Module data rates (bits/sec) 


Code level: 5, 6, 7, or 8 bits/character 
Character format: start/stop bit asychronous; 
one stop bit (minimum), 


Compatible digital subsets: 103A; 103F. 
20 ma d-c loop, bipolar voltage interface, or VCA 


CHARACTER/WORD UNIT (CWU930) 


Character Buffer Channel (CBC930) 


2 simplex channels/module 
2 half-duplex channels/module 
1 full-duplex channel/ module 


* For ease of computation the 6.94 usec memory cycle is rounded to 7.0 usec, 
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Chi 
! 
bho 


Channel data rates 
300 bits/sec to 2400 bits/sec 
Code level: 5, 6, 7, or 8 bits/character 


Character format: start/stop bit asychronous; 

one stop bit (minimum). 
Compatible digital subsets: 202A; 202C/D; 103A/F 
Bipolar voltage interface. VCA 


WORD BUFFER CHANNEL (WBC9S30) 


2 simplex channels/module 
2 half-duplex channels/module 
1 full-duplex channel/ module 


Channel data rates (bits/sec) 


1200 
1800 
2000 
2400 


Code level: 20 bits 


Character format: start/stop bit asychronous; 

one stop bit (minimum). 
Compatible digital subsets: 202A; 202C/D; 103A/F 
Bipolar voltage interface, VCA 


COMPUTER INTERFACE UNIT (CIU930) 


GE-200 Series computer interface 

1 CIU/2 modules 

20-bit parallel transfer 

Transfer rate determined by DATANET-30 program 


COMPUTER INTERFACE UNIT (CIU931) 


GE-400/600 Series computer interface 

1 CIU/2 modules 

3 characters per transfer 

Transfer rate synchronized by the DATANET-30 
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CONTROLLER SELECTOR UNIT (CSU930) 


Maximum transfer rate 28,800 words/sec 
Data transfer cycle time 17.34 microseconds 
DATANET-30 memory interrupt time 7 microseconds/ word 
Execute status request 28-70 microseconds 


Peripheral Combination Chart: 


** Possible Channel * Load Factor 
Peripheral Address (plug no. ) Per Peripheral 
Single access DSU 0, a 1 
Dual access DSU 0, 1 only de. 
15 ke tape controller 25.05. 4, Sf only 3 
41.5 ke tape controller 2, 3, 4, 5 45 
Printer 6, 7 only 05 


CONTROLLER SELECTOR UNIT (CSU9931) 


Maximum transfer rate 57,600 words/sec 
Data transfer cycle time 17.34 microseconds 
DATANET-30 memory interrupt time 7 microseconds/ word 


Peripheral Combination Chart: 


** Possible Channel * Load Factor 
Peripheral Address (plug no, ) Per Peripheral 
Single access DSU 0-7 500 
Dual access DSU 0-7 ,o0 
15 ke tape controller 0-7 wl 
41.5 ke tape controller 0-7 .28 
Printer 6, 7 only 05 


ok 


* 


The load factor represents the index for peripherals that may be run concurrently if sum of 
load factors does not exceed 1.00, 


The assignment of a priority channel to a peripheral, and therefore which plug number, 
depends upon the data transfer rate of the peripheral equipment, The peripheral equipment 
with the higher transfer rate must have priority over a peripheral with a slower transfer 
rate, 
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DIALING ADAPTOR UNIT (DAU9S30) 


10 Dialing Adaptor Units/ Module 
Associated buffer units per DAU 

1 bit buffer 

1 character buffer 

1 word buffer 
Telephone company equipment 

1 automatic calling unit per DAU 

1 data set per buffer 
Numbers dialed under program control 
Code level: Not applicable 
Character format: Binary to automatic calling unit 
Compatible digital subsets: 103A, 202C 


PROCESSOR INTERRUPT UNIT (PIU930) 


DATANET-30 to DATANET-30 interface 
1 PIU/module 

18-bit parallel transfer 

Transfer rate 28,800 words/sec 


COMMON PERIPHERAL CHANNEL (CPC930) 


1 peripheral per CPC 

1 CPC/2 modules 

6-bit character transfer 

Transfer rate up to 57,600 words/sec 


CARD READER UNIT (CRU9S30O) 


1 card reader per CRU 
1 CRU/module 
Reads 400 cards per minute 


PUNCH/READER UNIT (PRU9S30) 


1 card reader and 1 card punch per PRU 
1 PRU/2 modules 

Reads 400 cards per minute 

Punches 100 cards per minute 


CHARACTER BUFFER UNIT (CBU9931) 


2 character buffer channels/module 
Interface with the UNIVAC 1004 system 
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PARALLEL CHANNEL ADAPTOR (PCAQ9S30) 
Will parallel one communication line via one VCA (or DSS) into two Bit Buffer Channels 
(BBC931G4), two Character Buffer Channels (CBC930), or two Word Buffer Channels 
(WBC930) of two separate DATANET-30 processors, 

PARALLEL CHANNEL ADAPTOR (PCAQ931) 
Will parallel ten communication lines via one VCA931 (or VCA940) into ten Bit Buffer 
Channels (BBC931G4) of two separate DATANET-30 processors, May be combined with 
a CBC, 

DUAL CHANNEL ADAPTOR 


Transfers control of a peripheral controller between a DATANET-30 with a CPC930 and a 
GE-400 or -600 Series computer, 
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APPENDIX C 


INSTRUCTION SUMMARY 
CONVERSION TABLE, 5-LEVEL BAUDOT TO OCTAL 


MACRO COMMANDS 


The DATANET-30 assembly program recognizes various macro commands, and will assemble 
them as follows: 


CL2 Ba fon aw CLi F,T CRS: Fea 2 ewe es CR F/T 
CLY “T,T Cet To7 
Chi at 
Cis. Pe eines CL1 F,T 
Cli “Ty 7 Cet, Sy ante CR6 F,T 
Cli: TF CL1 T,T 
Chi. 1.7 
or er CL6 F,T 
CRI T,T CRS, “Fo 224464 CR6 F,T 
CRI T,T Chi “T.r 
Cho Baccus t CL6 F,T CR7 re CR6 F,T 
CRi “ST CRI T,T 
CL7 1 a CL6 F,T CR8 ee acre en etc CR6 F,T 
Cli “TF CRY TT 
CR1 T,T 
CLG (FoF «44 « «4 CL6 F,T 
Cli. -T.f CR Poe 3 ose CR6 F,T 
Cli Tr CRI T,T 
CR1 T,T 
CL9 PO scan oy CL6 F,T CR1 T,T 
Chil: “Tr 
Cli “TT SL2 ee oes eee SL1 F,T 
CkLi. “TT Sit: “TP 
CR2 A are CRl1 F,T SL3 Pets. 46a SL1 F,T 
CR1l T,T Sil: “27 
Sli. 7, T 


“se 
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SL4 Ba ig. ead eaves ts SL1 SR7 Bl? cee Ye Os Ge 


“ee 


“e 


Th) 

Ee 

pod 
hehe 


SR8 PA os 50.8 


SL5 BO? cogs S23 SL1 


Ne 


“Ne 


SR9 FE vee cite. oh “ohh 


Ne “Ne “ee 


SL7 7 ee SL6 
SAME Ck eed 


“eo “se 


SL8 i SL6 


“eo 


ee Be ae ie ie ee Re eae ae Mae ae Bae ae a fae Bae Be Bae ae ae a a ee ee i ee ee ee 


Ne 


SBM OF. ee ee 


Ne 


SL9 Ped a. eos S SL6 


“eo 


SMA Oe ok hn ee Ses eed 


“ “ee 


SR2 Peet. 2 tcG oe SR 


A) 


SMB OF. ek em hg 


we 


SR3 eis oe SR1 


Ne 


~~) 


SLD | ee eee 


“Ne 


SR4 BEE, See cB ae ee SR1 


Ne “ee J “eo 


SRo5 Be feet Bee SR1 
SR1 
SRl 
SR1i 
SRl 


SRD | ne ee eee 


“ “ee Ne ~) 


DN 
tr 
a" 
Se Bia Bie Bee Bae ie ee Bee Ae 3 Oo Be 9 3 oe a Be OS a Eo 3 a 9 Lo oe ae | 


Neo 


F is the Register FROM 
T is the Register TO 
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Soe sao ae 


“e 


~ ~~ “se 


See. epee Oe 


“se 


eR oO 


> wD 


Ne 


“ee 


> WP. 


e “ea 


The macro commands that are register transfer commands (with the exception of the double 
shifts) have the same error checks as a non-macro register transfer command, plus some 
additional checks. An error will be flagged when the user attempts to: 


Register Transfer MACRO  Q, anything 
Register Transfer MACRO anything, Z 
Register Transfer MACRO anything, T 


The FROM-TO bits in the instruction will not be deleted on any of the above errors. The error 
tag only signifies that the instruction should be examined to see if it is correct. 


The macro commands SMA, SMB, SAM and SBM, will have the same error checks and same 
addressing capabilities as non-macro commands requiring a memory address, 


No error checks are perfomed on the macro double shift commands SLD and SRD. The operand 
must be decimal and must be left-justified in the operand field. 


DATANET = 30 


BAUDOT TO OCTAL 
CONVERSION TABLE 


(Alphabetic Sequence) 


LEFT RIGHT HIGH-SPEED PRINTER 
LETTERS FIGURES JUSTIFIED JUSTIFIED LETTERS OCTAL FIGURES OCTAL 
A Alphabetic Sequence 
B 
C A 21 40 
D B 22 55 
E C 23 57 
F D 24 § 43 
re E 25 3 03 
ts F 26 , 73 
. G 27 i 20 
y H 30 # 13 
: I 31 8 10 
€ J 41 J Aj 
K 42 ( 75 
= L 43 ) 76 
2 M Ab 33 
0 z ss N 45 73 
P 0 54 p 46 9 i 
Q : 7 P 47 0 00 
: : a Q 50 1 01 
: : ee R 51 4 O4 
7 : c S 62 S 62 
y + 6 a T 63 5 05 
i. - U 64 7 07 
s ] =5 V 65 ; 73 
7 6 59 W 66 2 02 
Z my 2 X 67 / 61 
Y 70 6 06 
Z 71 i ie 
0 54 26 
1 36 7 
Z 46 23 Numerical Sequence 
3 02 Ol 
4 24 12 0 00 
5 40 20 1 01 
6 52 25 2 02 
7 16 07 3 03 
8 14 06 4 04 
9 60 30 5 05 
BLANK BLANK 00 00 6 06 
LTRS. LTRS. 76 37 7 07 
FIGS. FIGS. 46 33 8 10 
L.FEED _L. FEED 04 02 9 
SPACE SPACE 10 04 - i 
CR.RET.  CR.RET. 20 10 : oh 
= 16 
2 15 
7. 74 


*) Note: These symbols are not on printer; for convenience, however, they are printed on 
this form. 
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C-4 


BAUDOT TO OCTAL 
CONVERSION TABLE 


(Numerical Sequence) 


LEFT RIGHT HIGH-SPEED PRINTER 
LETTERS FIGURES JUSTIFIED JUSTIFIED LETTERS OCTAL FIGURES 

Blank Blank A 
E 3 E 
Line Feed Line Feed = 
A = A 
Space Space o 
BELL *) S 
8 I 
7 U 
Carr.Ret. To 
D D 
R oo R 
J 26 J 
N 30 : 
F 32 2 
C ; 34 C 
K ( 36 . 
T 5 40 T 
Z Wow i) Zz 
iB ) Ley L 
W 2 46 | W 
H ft 50 H 
4 6 52 ns 
P 0 54 R 
Q 1 56 Q 

a) 9 60 " 46 

B 2 62 B 22 

G 64 G 27 

izs. 66 te 54 

7U M 44 

72 X 67 

74 V 65 

76 @ 14 

*) Note: These symbols are not on printer; for convenience, however, they are printed on 


this form. 


3C0 CONSOLE HOLLERITH BCD 

CHARACTER LPM TYPEWRITER PERFORATED CODE BCD MAGNETIC 
PRINTER CHARACTER PAPER TAPE (PUNCH MEMORY TAPE 

SYMBOLS OR ACTION (8 LEVEL) | IN ROWS) (OCTAL)** (OCTAL) 


a ae a ae 
nuener Taare a) ae 
ie ee eee) eas 
a ee 
EG We Se EE GE BR SEE BE SS PE | ee ee See 
ee Saree: Fe ae ee RRS BEE Ie ee ee | | ee 
Sa: Sd SE: en Ee eee SERTRNy eenCn e a! | 6s 
a SO Ce een GE: Conan 
Pn ay AO an as nn ee a pet IO Rg a en I en eer Be ee WO Oe 
ae ee ee ee eee eee ee eee 
fee Ae ot ed ee Ae ee ee ee ; 
ae - SE Oia = re eee > Rear MA Lt eins On eeEE ON Sy Oe ; 
C 
ee: es > D 
Eee Ef ee a le, WO al abe. es) ne BOL 
ees : eee Teer : eeemaee CRs ; PRR TAGS: come seer): ee ee | ee ee (ee 
CR are, Ne ee ae eres ee Se 
ee Sas Mee? Gee eae aay J ii-1 
Pe oe ee ee ee ee ee ee 
1i-3 43 
SS | CS ae SENS a ees eee |, eerie 11-4 44 

N 45 

i) pe Oe eb Ore oe en One eos ol se Ok 46 
P re ee Py ee ee - es 2 ee ee vee eer 
a [Sn See: Senne Meee Se Ee ea GR 
Fo eee 2 eR ee te ee eo i oe 51 
he akg ea as Og as pk hg se af ee OR = SOD 22 
0-3 
24 
E 
F 
x G 0-7 67 
¥ 30 
31 
eh cn ane eae ae ee eh ae ee ek ee ee ge et ays a Os ees ee ed 
Fd nw i AE Ont, Ot eee a Ee ee en ee as le he AO te ee oe 
| _(Space)—s[ (Blank: [| sBiank) dT COSCBlank dT 600i“ 20 
a areas 

pe ee 

# f 
ae: ee ee Ae ee ee ae = ees Se 14 
ae eae ee eee ea ee ee Ge ee ee Cee 
See eee area 7-8 17 
ee 12-2-8 32* 72 


eee feed sleet i haces 12-4-8 ee eee ae 
ee ee ee ee ee ad 
Speen eee 


Fe he ee ae al 5 
React anh Return leas od if 


a ee a ee ee 


ee ee ee 
ee ees ee ee 11-4-8 
oe ee eee 
ERS PET Cy acne: EN 5 aoe ae) ee, 56 

oe nan RECT: 
aes Sareea Print Red ee a eee a ee ee 
RR Remar: a em mee neers IC SEPIA = (| I (PERIL De De ie 
SR RY AN A eS 
ee 
See Es ee eee eeeeee 2 CO U-1-8 


GE-225 Representation of Characters 
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Standard GE-Internal Hollerith Standard GE-Internal Hollerith 
Character Machine Card Character Machine Card 
Set Code Set 


OMUWUAUHHHLWNHFO 
DOWOZ Zen G a 


>) 


PCHMmMOaMmMoaQw 


5 
NDUW fF Wh OO WAN DMN LW Pd 


+ 
/ 
S 
T 
U 
V 
W 
X 
Y 
Z 
a 
bd 
to 


oooo0o0o °0co 000000 ©} 
L} 


“_ A -~NL_ 


cm 


Characters inside Ixll have special Edit functions. 
Characters inside (x) normally do not print. 


GE-Compatibles, 400 Standard Character Set 
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Standard GE-Internal Hollerith Standard GE-Internal Hollerith 
Character Machine Card Character Machine Card 
Set Set 


"Oe TMVOOWA UNF WNHOKO 


§ 
5 (OC CO ND OE DN 


0 
0 
0 
0 
O- 
0 
0 
0 


CrATtOMmvoaAwpck vwV 


—a~ A ~LoI. 


GE-625/635 Standard Character Set 
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INSTRUCTION FORMATS SUMMARY 
A. Instructions Without Memory Addressing. 


1. C-Register instructions. 
18 10 9 8 7 1 


OPERATION NOT VALUE 
CODE USED (0-127) 


Code - Bits 18-10 


010-014. WIC. PICs NCZ, -xCZ: 


2. Other nonmemory addressing instructions. 


OPERATION FLAGS 
CODE 


Code - Bits 18-11, even-numbered codes only. 


OOX. Conditional Halt - HLT. 


020-026. Status lines and function drivers- 
NIS, NES, DIF, DEF. 
030-032. Hardware scan and controller selector-SCN, CSR. 
040-046. Shift - SLi, SR1, SL6, SR6. 
050-056. Circulate - CL1, CR1, CL6, CR6. 
060-066. Transfer - TRA, TRC, BCO, BC1. 
070-076. Special shift and circulate - SLS, SRS. 
Flags - Bits 10-1 


Status Lines and Function Drivers - Bit position number (10-1) corresponds to line 
or driver number. 


Shift, Circulate, and Transfer - Bits 10-5 indicate “From”; Bits 4-1 indicate “To”. 
Each bit position has register significance (see below). No bits in “From” indicates 
zero, No bits in “To” indicates Z-drivers., 


1 


0 5 4 1 
alefcle}n|s]a|afe|r 
No ee 
TO 


ee SEs 
FROM 
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B. Instructions With Memory Addressing. 


18 13 12 10 9 1 
a a 
Operation Mode Partial 


Code Address 
Codes - Bits 18-13 | 
10-17. Branch - BRU, BRS, BZE, BNZ, BPL, BMI, BEV, BOD. 


20-26. From memory to registers, non A or B. 
LDC, LDD, LDZ, LDQ, LDT, LDF. 


30-37. To memory from registers, non A or B. 
STC, STD, STZ, CMM, ADO, SBO, STF, AMD. 


40-46. From memory to A - LDA, CMA, AMA, NMA, RMA, XMA, AAZ. 
00-57. To memory from A - STA, CAM, AAM, NAM, RAM, XAM, NAZ, XAZ, 
60-66. From memory to B - LDB, CMB, AMB, NMB, RMB, XMB, ABZ. 
70-77. To memory from B - STB, CBM, ABM, NBM, RBM, XBM, NBZ, XBZ. 
Modes - Bits 12-10 Bits 
12 11 10 
0-3. Direct addressing P.B. 
0,1. Program bank addressing Hiseet P.B. 
2. Common data bank addressing C.D.B. 
3. Channel table addressing C.T. 
4-7, Indirect addressing PD: 
4,9. Program bank addressing In- PB, 
6, Common data bank addressing direct C.D.B. 
re Channel table addressing CT% 


HARDWARE ADDRESSING RESPONSE TO INSTRUCTION FORMAT 
A. Direct Addressing - Bit 12 of Instruction, Off. 


1. Program bank - 4, 8, or 16 groups of 1024 words, depending on memory size. 


14 11 


a BREEN 


10 1 
SETTLE TTT | | J meteuction 
| 


14 11110 1 
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| 
| 
| 
I 
| 


2. Common data bank - first 512 words only. 
9 1 


| 
14 19 1 
ofofofofo} | | tL | TE | | memory sadress tines 


Channel table - First 4096 or 8192 words only, depending on memory Size. 


9 4 3 1 
Lit tt itty Instruction 
| ' 


| 7 5 1 4 1 


3, 


{ 
| 
| 
| 
| 


C Register 


Memory Address Lines 


*Note: Bits 9-1 of the instruction and the entire C register are logically or’ed -not added- 
into the memory address lines offset as shown. Since three bits overlap, care must be 


exercised with respect to designating channel table length and location to insure valid 
addressing. 


Indirect Addressing - Bit 12 of Instruction, On. 


An address is first generated as a direct address. This address is the memory location of 
a word containing a 14-bit address that is used as a base address for instruction execution. 


1. Indirect addressing without register indexing. - IND 
18 17 16 15 14 
Indirect 
WORD * NO x | 
IND. 114 1 
Memory Address 
Lines 
* Not Used 


The 14-bit address in the indirect word is the address used for execution. 
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2. Indirect addressing with register indexing. -INA, INB, INC 


18 17 16 15 14 


indirect Word a Ie) PETTITTE 
Register eee] CECT 


, 14 
Memory 
Address 
Lines 
*Not Used 


Bits 14-1 of the indirect word and the contents of the specified register are added together 
into the memory address lines for the execution address, The register is specified by bits 
17 and 16 of the indirect word as shown below, 


No Register Indexing 
Register A 
Register B 
Register C 
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SCAN WORD SUMMARY 


The next character to be 
transmitted 


18 10 9 8 7 6 2 1 


Scan Word 1 


Start 
| Stop Bit 
Zero Fill Bits Data Bits 
End-of- 5.6.7.8 
Character Bit ee 
Initialize: Start, data bits, stop and end-of-character 
bits to all 1's. Zero fill. 
18 17 1615 14 13 12 1 


Scan Word 2 


SW 2F4 Transmit Do Not Use 


character flag SW2F1 the character 


in the process of 


SW 2F2-End 
Hardware Scan 


SW2F3 Code Flag being transmitted. 
level 


Initialize: Bits 1-12 as in Scan 
Word 1. Bits 16,17 
to indicate code level 
and bit 15 for end 
scan at last channel. 
Bit 18 as zero. 


Scan Word 3 


SW3F2 The SW3F1 The 
character being last character 
received received 

SW 3F3 Receive 


character flat 


Initialize: As all zeros. 
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INSTRUCTION WORD FORMATS SUMMARY 
Non-Memory Addressing 
C REGISTER 


18 


10 9 8 7 1 
ofofol | | TY T dxtx} | ET TT 


OPERATION CODE BITS 10-18 

NOT USED BITS 8, 9 

VALUE BITS 1-7 
OTHER 


ePrT TTT ITIIITIIl- 


OPERATION CODE BITS 11-18 
VARIATION BITS 1-10 


Memory Addressing 


18 13 12 10 9 1 
OPERATION CODE BITS 13-18 
ADDRESSING MODE BITS 10-12 
PARTIAL ADDRESS BITS 1-9 
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DATA WORD FORMATS SUMMARY 


18 1 


[ITIL TIT IT Titi tt ttt 


BINARY SINGLE LENGTH BIT 18 IS SIGN 
36 19 18 1 
BINARY DOUBLE LENGTH BIT 36 IS SIGN 
18 13 12 7 6 1 
BCD CHARACTERS 3 TOA WORD 


> LEVEL TELETYPE CHARACTERS 3 TO A WORD 
BITS 1, 7, AND 13 ARE START BITS 


8 LEVEL TELETYPE CHARACTERS 2 TO A WORD 
BITS 1 AND 10 ARE START BITS 


8 LEVEL FRIDEN CHARACTERS 2 TO A WORD 
BITS 1 AND 10 ARE START BITS 
BITS 6 AND 15 ARE PARITY BITS 
BITS 9 AND 8 ARE CONTROL BITS 
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DATANET-30 DATA COMMUNICATIONS PROCESSOR 


INSTRUCTION REPERTOIRE 


WORD CODE 
TIMES OCTAL OPERAND FUNCTIONAL DESCRIPTION 


RRA LOAD INSTRUCTIONS 


2 40 LDA M LOAD A FROM M 

2 60 LDB M LOAD B FROM M 

2 20 LDC M LOAD C FROM M 

3 21 LDD M LOAD DOUBLE -- A FROM M, B FROM M+l 

2 26 LDF M LOAD SPECIAL FLIP-FLOPS FROM M 

2 23 LDQ M LOAD Q FROM M 

2 25 LD? M LOAD T -- SEND M TO TRANSMIT DATA DRIVERS 
2 22 LDZ M LOAD Z -- SEND M TO Z DRIVERS (NO FURTHER) 
2 Al CMA M LOAD A WITH M-NOT (COMPLEMENT M TO A) 

2 61 CMB M LOAD B WITH M-NOT (COMPLEMENT M TO B) 

1 O1l PIC I PLACE I IN C 


Were STORE INSTRUCTIONS 


2 50 STA M STORE A IN M 

2 70 STB M STORE B IN M 

2 30 STC M STORE C IN M 

3 31 STD M STORE DOUBLE -- A IN M, B IN Mtl 

2 36 STF M STORE SPECIAL FLIP-FLOPS IN M 

2 ae ros M STORE ZERO IN M 

2 ea CAM M STORE A-NOT IN M (COMPLEMENT A TO M) 
2 vee CBM M STORE B-NOT IN M (COMPLEMENT B TO M) 
2 32 CMM M STORE M-NOT IN M (COMPLEMENT M TO M) 


WHR ARITHMETIC iNSTRUCTIONS 


2 4,2 AMA M ADD M TO A 

2 52 AAM M ADD A TO M 

2 46 AAZ M ADD A, M - RESULT TO Z DRIVERS 

2 62 AMB M ADD M TO B 

2 72 ABM M ADD B TO M 

2 66 ABZ M ADD B, M - RESULT TO Z DRIVERS 

2 37 AMD M ADD DOUBLE LENGTH WORD M-(M+1) TO A-B 
2 34 ADO M ADD ONE TO M 

2 35 SBO M SUBTRACT ONE FROM M 

1 010 AIC I ADD I TO C 


DATANET = 50 


C-16 


TIMES OCTAL OPE RAND FUNCTIONAL DESCRIPTION 


Few Tee BRANCH INSTRUCTIONS 


1 10 BRU M BRANCH UNCONDITIONALLY 

3 Lt BRS M BRANCH TO SUBROUTINE 

1 12 BZE M BRANCH IF ZERO FF IS ZERO 

1 13 BNZ M BRANCH IF ZERO FF IS NON-ZERO 
1 L4 BPL M BRANCH IF PLUS FF IS PLUS 

1 15 BMI M BRANCH IF PLUS FF IS MINUS 

L lo BEV M BRANCH IF EVEN FF IS EVEN 

1 Ly BOD M BRANCH IF EVEN FF IS ODD 


2 43 NMA M M AND A TO A 
2 53 NAM M M AND A TO M 
2 63 NMB M M AND B TO B 
2 73 NBM M M AND B TO M 
2 56 NAZ M M AND A TO Z ONLY 
2 76 NBZ M M AND B TO Z ONLY 
1 012 NCZ I I AND C TO Z ONLY 
1 020 NIS T I AND INTERNAL STATUS LINES TO Z ONLY 
1 022 NES T I AND EXTERNAL STATUS LINES TO Z ONLY 
2 44 BMA M MOR A TOA 
2 54 RAM M MOR A TOM 
2 64 RMB M M OR B TO B 
2 74 RBM M M OR B TOM 
2 45 XMA M M XOR A TO A 
2 55 XAM M M XOR A TO M 
2 65 XMB M M XOR B TO B 
2 75 XBM M M XOR B TOM 
2 57 XAZ M M XOR A TO Z ONLY 
2 rel XBZ M M XOR B TO Z ONLY 
1 014 XCZ I I XOR C TO Z ONLY 
REGISTER TRANSFER INSTRUCTIONS FROM ABCQRS - TO ABCTZ 
1 060 TRA FROM, TO TRANSFER 
l 062 TRC FROM, TO TRANSFER COMPLEMENT 
L 040 Sil FROM, TO SHIFT LEFT ONE 
l 042 SRL FROM, TO SHIFT RIGHT ONE 
i 044 SL6 FROM, TO SHIFT LEFT SIX 
l 046 SR6 FROM, TO SHIFT RIGHT SIX 
1 070 SLS FROM, TO SHIFT LEFT SPECIAL 
1 072 SRS FROM, TO SHIFT RIGHT SPECIAL 
l 050 CL FROM, TO CIRCULATE LEFT ONE 
1 052 CR1 FROM, TO CIRCULATE RIGHT ONE 
1 054 CL6 FROM, TO CIRCULATE LEFT SIX 
1 056 CR6 FROM, TO CIRCULATE RIGHT SIX 
1 064 BCO FROM, TO BIT CHANGE ZERO (8-LEVEL LINE TO 6-BIT) 
1 066 BCl FROM, TO BIT CHANGE ONE (6-BIT TO 8-LEVEL LINE) 


DATANET= 50 


WORD CODE 
TIMES OCTAL OPE RAND FUNCTIONAL DESCRIPTION 


Tees SPECIAL INSTRUCTIONS 


1 00 HLT CONDITIONAL HALT 
1 024 DIF I DRIVE INTERNAL FUNCTION LINES 
1 026 DEF I DRIVE EXTERNAL FUNCTION LINES 
030 SCN I SCAN BIT BUFFERS 
032 CSR i CONTROLLER STATUS REQUEST 
ABBREVIATED 
INSTRUCTION REPERTOIRE 
FIRST SECOND THIRD 
OCTAL OCTAL OCTAL 
IGIT DIGIT DIGIT 


GENERAL 


P-counter 


NON- 
GENERAL 


DATANET = $0 


OPR 


GROUP 
GROUP 
GROUP 
GROUP 
GROUP 
GROUP 
GROUP 
GROUP 
GROUP 
GROUP 
GROUP 
GROUP 


AAM 
AAZ 
ABM 
ABZ 
ADO 
AIC 
AMA 
AMB 
AMD 
BCO 


Bed 
BEV 
BKVW 
BMI 
BNZ 
BOD 
BPL 
BRS 
BRU 
BZE 


CAM 
CBr 
CL1 
CL2 
CL 
CL4 
CLS 
CLO 
CLs 
CL8 


DATANET = 30 


OPERAND 


MNEMONIC 
MME MOET C 
MNEMONIC 
MNEMONTC 
MNEMONTC 
MNHEMONITC 
MNEMONIC 
MNEMONIC 
MNEMONTIC 
MNEMONITC 
MNEMONTC 
MNEMONTC 


FROM,TO 


FROM,TO 


pA 

M4 

FROM, TO 
FROM, TO 
FROM, TO 
FROM, TO 
FROM, TO 
FROM, TO 
FROM, TO 
FROM, TO 


OCTAL 


520000 
460000 
720000 
660000 
340000 
010000 
420000 
620000 
240000 
064000 


066000 
160000 


150000 
130000 
170000 
140000 
110000 
100000 
120000 


510000 


710000 
050000 


054000 


GROUP 


BBC 
BSU 
CBC 
on BU, 
CSU 
DSU 
HP 
MACRO 
MTS 
PLP 


we 


MTS 


MACRO 
MACRO 
MACRO 
MACRC 


MACRO 
MACRO 


ALPHANUMERIC LISTING 


DESCRIPTION 


INTERNAL 


COMPUTER 


ADD 
ADD 
ADD 
ADD 
ADD 
ADD 
ADD 
ADD 
ADD 
BIT 


BIT 


A TO }A 


INSTRUCTIONS 
BIT BUFFER CHANNEL 
BUFFER SELECTOR UNIT 
CHARACTER BUFFER CHANMEL INSTRUCTIONS 
INTERFACE sRUEE 

CONTROLLER SELECTOR UNIT 
DISC STORAGE UNIT 

HIGH SPEED PRINTER 
GENERAL ASSEMBLY PROGPAM 
MAGNETIC TAPE SYSTEM 
PAPER TAPE READEP 
WORD BUFFER CHANNEL 


INSTPUCTIONS 
INSTRUCTICNS 


INSTPUCTIONS 


INSTRUCTIONS 
INSTRUCTIONS 


INSTRUCTIONS 
LAS TRUCGT ECS 
ENS TRUCT TONS 


A,M - RESULT TO Z DRPIVEPS 


Br 3.006 


B,M - RESULT TO Z DRIVEPS 


ONE TO 
Ip -T.022¢ 
M TOA 
TO 8 
DOUBLE 
CHANGE 


CHANGE 


BRANCH IF 
BACKS PACE 
BRANCH IF 
BRANCH IF 
BPANCH IF 
BRANCH IF 
BPARNCH TO 


pA 


-= ADD “,M+1 TO A,B 


ZEPO C8-LEVEL LINE TO 6-FIT) 


OME C6-BIT TO &8-LEVEL LINED 


EER 


PP: bs" EVE 


AND: PO Set POM. VR TE EAD 


PLUS 
ZERO 
Evel 
PLUS 


Be | a. OS 

FF IS MON-ZERO 
Ee LS Oh 

PE ES: PLUS 


SUBROUTINE 
BPANCH UNCONDITIONALLY 
BRANCH IF 


ZERO 


STCRE A=}NOT IM 
STOPE B=-MNOT IN 
CERCULATE 
CIRCULATE 
CIRCULATE 
CIRCULATE 
CIRCULATE 
CIPCULATE 
CIRCULATE 
CIRCULATE 


C-19 


LEFT 
Le eT, 
Lert 
LEFT 
LEFT 
LEP 
LEP 
LEP T 


PP DS: ZERO 


M CCOMPLEMENT A TO M) 
CCOMPLEMENT B TO M) 


CONDO FWN He F 


INSTRUCTIONS 


MACRO INSTPUCTIONS 


aN ee bt ht tt ot tr WW RO RO FW RD OWS DO OW 


LN RO me RO ON UN ORO oR BRO OO 


OPERAND 


FROM, TO 
M 

M 

M 

FROM, TO 
FROM, TO 
FROM, TO 
FROM, TO 
FROM, TO 
FROM, TO 


FROM, TO 
FROM, TO 
FROM, TO 
I 


WW FUN RD oe et 


DBwOoON KP OW HFWHORPN OM 


— 


OCTAL 


410000 
610000 
330000 
052000 


056000 


032000 
026000 
026001 
026002 
026004 
026010 
026020 


026040 
026100 
026001 
026002 
026004 
026010 
026400 
027000 
026001 
026002 
026400 
027000 


O2601 


DATANET = $0 


GROUP 


MACRO 


MACRO 
MACRO 
MACRO 
MACRO 


MACRO 
MACRO 
MACRO 
CSU 
Box 
BBC 
BBC 
BBC 
BBC 
BBC 


BBC 
Bet 
CEC 
CBC 
CBC 
CBC 
CBC 
CBC 
C1u 
CTU 
Cig 
CTU 


Se 


DESCRIPTION 


CIRCULATE LEFT 9 
LOAD A WITH M=NOT CCOMPLEMENT M TO A) 
LOAD B WITH M=NOT CCOMPLEMENT M TO B) 
STORE M=NOT IN M CCOMPLEMENT M TO M) 
CIPCULATE RIGHT 
CIRCULATE RIGHT 
CIRCULATE RIGHT 
CIRCULATE RIGHT 
CIRCULATE RIGHT 
CIRCULATE RIGHT 


Nim FWA ee 


CIRCULATE 
CIRCULATE RIGHT 8 

CIPCULATE RIGHT 9 

CONTROLLER: STATUS REQUEST 

DRIVE EXTERNAL FUNCTION 

RESET RECEIVE FLAG AND DATA BUFFER 
PESET TRANSMIT FLAG AND DATA BUFFER 
TURN CARRIER OFF 

TUPN CARPIER ON 

RESET RECEIVE “CLOCK 


RIGHT 7 


Se) “ECHO MODE 

RESET, ECHO, MODE 

RESET RECEIVE FLAG AND DATA BUFFER 
RESET TRANSMIT FLAG AND DATA BUFFER 
TURN CAPRIER OFF 

TURN CARRIER OW 

ANSWER INCOMING CALL 

DISCONNECT CALL 

RESET FLAG AND BUFFER, SET RECEIVE MODE 
RESET FLAG AND BUFFER, SET TRANSMIT MODE 
AUTOMATIC PRIORITY INTERRUPT THE 225 
RESET THE ADDRESS REGISTER 


RESET FLAG AND PEAD NEXT CHAPACTEP 


C-20 


W 


pnd pend eed peed pet bes LA TO LAN OAD mm ROW WE RO ee AD AO DO LS 


re Oe eee ee ee 


oT. 


t 
a" 
© 


OPR 


DEF 
DEF 
DEF 
DEF 
DIF 
DIF 
DIF 
OIF 


DIF 
DIF 
8 es 
DIF 
Dt 
HLT 
LDA 
LDB 
LDC 
LDD 


LDE 
_LDO 
LDT 
Lz 
MAM 
NAZ 
MEM 
NBZ 
NCZ 
NES 


NES 
MES 
NES 
NES 
NES 
NES 
HES 
Mes 
NES 
NES 
NES 
NES 
NES 


DATANET = 50 


OPERAND 


WEDD we mt IN NO Re 


— OwWOwonmn + 


7 Fr > 
—_—_> —> >» 


a 
—_ 


>_> > 
—_ >» 


MM 


ma RY OW FW Oe OM Dh ee 


OCTAL 


026001 
026002 
026004 
026010 
024000 
024001 
024002 
024004 


024010 
024100 
024200 
024400 
025000 
000000 
400000 
600000 
200000 
210000 


260000 
230000 
250000 
220000 
530000 
560000 
730000 
760000 
012000 
022000 


022001 
022002 
022020 
022040 
022001 
0220.02 
022004 
022010 
022020 
022040 
022100 
022001 
022001 


GROUP 


WBC 
WBC 
WBC 
WBC 


shou) 


DESCR LPT-LON 


RESET RECEIVE FLAG AND DATA BUFFER 
RESET TRANSMIT FLAG AND DATA BUFFER 
TURN CARRIER OFF 
TURN CARRIER ON 


DRIVE INTERNAL FUNCTION 
RESET CB 1 AND 2, 
RESET BUZZER FLIP-FLOP 


SET BUZZER FLIP-FLOP 


INITIATE HARDWARE LOAD PPOCESS 
SELECT PERIPHEPAL CONTROLLER 
SET CONTROL BIT FLIP-FLOP 1 
SET CONTROL BIT FLIP-FLOP 2 
SET THE PAPITY BIT FLIP-FLOP 
CONDITIONAL 
LOAD 
LOAD 
LOAD 
LOAD 


A FROM 
B FROM 
C FROM 
DOUBLE 


HALT 
pA 
pA 
al 


LOAD 
LOAD 
LOAD 
LOAD 
M AND A 
MAND 
M AND B 
M AND B 
IT AND C 
I AND 


A TO 


10: 4M 
Ee: SNIE™ 
co iM 
TO Z ONLY 
TO Zo OUEY 


RC FLAG SET CBUFFER 


TX FLAG 


SET CBUFFER 


PEER EOC: On 


CARRIEP 
PC FLAG 
TX FLAG 
CALL IN 
REQUEST 


ON 

SET CBUFFEP 
SEY “CBUPEER 
PROGRESS 
ANSWER 


DATA MODE 


CARFIER 


ON 


CLEAR TO SEND 


FLAG 


C-21 


-~- A,B FROM M,M+1 


SPECIAL FLIP-FLOPS FROM IM 
O FROM M 
T CTRANSMIT DATA DPIVERS) FROM M 
Z CBPANCH FLIP-FLOPS) FROM M 


CONTAINS A NEW 
READY FOR A MEW 


CONTAINS A NEW 
PEADY FCR A NEW 


SET CBUFFER READY) 
READ FLAG SET CBUFFER CONTAINS A NEW 


AND PESET PARITY BIT FF 


EXTERNAL, STATUS (CENES: FO -2 ONLY 


RIT) 
RIT) 


CHAP ,) 


CHAR.) 


CHAR, ) 


a 
—_- 
s 


— & RI AD AO WHI RYO AO HO AY LN RO RO RD oe Re Oe oe oS oe 


re ee ne ee ee ee 


— > pd pes 


OPR 


NES 
NES 


NIS 
NIS 
NIS 
NIS 
NIS 
NIS 
NIS 
NIS 
NIS 


NMA 
NMB 
PIC 
PRF 
RAM 
RBD 
RBM 
RBS 
RMA 
RMB 


RRF 
RTB 
RTD 
RWD 
SAM 
SBM 
SBO 
SCN 
SEL 


SL1 
Si 
Sta5 
SL4 
SL5 
SL6 
oy 4 
SL8 
Sug 
SLD 


DATANET = 30 


OPERAND 


Ow Ont FW PD ee Me 


—_ ~> — ZF > 
= >» = & 


. oS 


FROM, TO 
FROM, TO 
FROM, TO 
FROM, TO 
FROM, TO 
FROM, TO 
FROM, TO 
FROM, TO 
FROM, TO 
I 


OCTAL 


022001 
022002 


020000 
020001 
020002 
020004 
020010 
020100 
020200 
020400 
021000 


430000 
630000 
011000 
540000 
740000 


440000 
640000 


350000 
030000 
024100 


040000 


044000 


GROUP 


WBC 
WBC 


CSU 
CSU 


MES 


DSU 
MTS 
MTS 
CLES 
MACRO 
MACRO 


BBC 
Ccsu 


MACRO 
MACRO 
MACRO 
MACRO 


MACRO 
MACRO 
MACRO 
MACRO 


DESCRIPTION 


RC FLAG SET CBUFFER CONTAINS A NEW WORD) 
TX FLAG SET CBUFFER READY FOR A NEW WORD) 


I AND INTERNAL STATUS LINES TO Z ONLY 


CHARACTER PARITY OUTPUT 
WORD PARITY OUTPUT 


CB FF 2 AND WORD PARITY OUTPUT ARE EQUAL 
SWITCH IS IN THE MAINTENANCE MODE 


SELECT COMMAND IS COMPLETED 
CB: EF a 

CBR 32 

PARITY FF 


M AND A TO A 

M AND B TO B 

PLACE I IN C 

POSITION DISC STORAGE UNIT 
M OR A TO M 

READ BACKWARD DECIMAL 

MOR EB TOM 

READ BACKWARD BINARY 

MOR A TO A 

MOR B TO B 


READ DSU 

READ TAPE BINAPY 

READ TAPE DECIMAL 

REWIND 

SUBTRACT A FROM M 

SUBTRACT B FROM M 

SUBTRACT ONE FROM M 

SCAN BIT BUFFER UNITS 

SELECT PEP ILPHERAL COU TROLZER 


po aa OS aa emis Oe ll a 
Slew, Er i. 
SH Le SEER 
Sree Ee? 
SHILET Er? 
SHIET: LEFT 
SALPT -LERT 
SHLE t LErT 
SHIFT LEFT 
SHEPT tho? -LEP PR <b 8)TS 


WO On DW FWA eH 
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Wet. 


jt ped 


[ee ee oe ee oe oe oe 


RO EWR we UT EW DO Me 


OPR 


SLS 
Sit 
SLW 
SMA 
SMB 
SMD 
SR1l 
SR2 
SR3 
SR4 


SR5 
SR6 
SR7 
SR8 
SRY 
SRD 
SRS 
STA 
S78 


SC 
STD 
Sl F 
Sz 
TRA 
TRC 
dee g 
WF L 
WPL 
WRF 


WTB 
WT D 
XAM 
XAZ 
XBM 
XBZ 
XCZ 
XMA 
XMB 


DATANET = $0 


OPERAND 


FROM, TO 


M 
M 

M 

FROM, TO 
FROM, TO 
FROM,TO 
FROM, TO 


FROM, TO 
FROM, TO 
FROM, TO 
FROM, TO 
FROM, TO 
i 
FROM, TO 
M 
M 


M 
M 
M 
M 
FROM, TO 
FROM, TO 


OCTAL 


070000 


042000 


046000 


072000 
500000 
700000 


300000 
310000 
360000 
320000 
060000 
062000 


550000 
570000 
750000 
770000 
014000 
450000 
650000 


GROUP 


HSP 
Hoe 
MACRO 
MACRO 
MACRO 


MACRO 
MACRO 
MACRO 


MACRO 


MACRO 
MACRO 
MACRO 
MACRO 


MTS 
HSP 
HSP 
DSU 


MTS 
MTS 


DESCRIPTION 


SHIFT 
SLEW 


LET 


PAPER 


SLEWING OF 
SUBTRACT M 
SUBTRACT M 
SUBTRACT M, 


Siler 
SHIFT 
SHIP T 
SHIFT 


SHIFT 
SH LET 
SHEP T 
SHEET 
Se EET 
SHLFT 


RIGHT 
RIGHT 
RIGHT 
PIGHT 


RIGHT 
RIGHT 
RIGHT 
PIGHT 
RIGHT 
A,B R 


SPECIAL 


TO TAPE PUNCH 


PAPER 
FROM A 
FROM B 


M+1 FROM A,B 


FW ND He 


OWN DWN 


IGHT I] 


BOLLS 


CIRCULATE RIGHT SPECIAL 


STORE 
STORE 


STOAPE 
STORE 
SCORE 
STOPE 


A IN 
B IN 


Cah 


DOUBLE -- A,B 


M 
M 


M 


IN M, M+] 


SPECIAL ‘RE LPSFELOPS 


ZERO 


TPANSFEP 


TRANSFER. COMPLEMENT 


WRITE 
WRITE 
WEEE 
VER Te 


We TE 
MEET TE 
i XOR 
Mm XOPR 
i KOPP 
MM XOR 
IT XOR 
mM XOR 
M XOR 


END O 
FORMA 
PRINT 
DSU 


C23 


IN M 


F FILE 
T LINE 
LINE 


BINARY 
DECIMAL 
M 

eee Oe | ee d 


Z  OULY 
ONLY 


ND NO eR RD ON DO oe FWhiOorernm LL 


me TKI AO LW RO 


Re 
+ 
AN 


1+3 


OPR 


GROUP 
GROUP 
GROUP 
GROUP 
GROUP 
GROUP 
GROUP 
GROUP 


GROUP 
GROUP 
GROUP 


HLT 
AIC 
PIC 
NCZ 
XCZ 
NIS 
NIS 
NIS 
NIS 
NIS 


NIS 
NIS 
NIS 
NIS 
NES 
NES 
NES 
NES 
NES 


NES 
NES 
NES 


NES 
NES 


NES 


NES 


DATANET=30 


OPERAND 


MNEMONTC 
MNEMONIC 
MNEMONIC 
MNEMONTC 
MNEMONIC 
MNEMONIC 
MNEMONTIC 
MNEMONIC 


MNEMONIC 
MNEMONIC 
MNEMONIC 


a be pe et 110 OO NY SN RD oe tt tt et ot 


nO 


OCTAL 


000000 
010000 
011000 
012000 
914000 
020000 
020001 
020002 
020004 
020010 


020100 
020200 
020400 
021000 
022000 
022001 
022001 
022001 
G22001 


022001 
022002 
022002 


022002 
022004 


022010 


022020 


GROUP 


BBU 
BSU 
CBY 
Cru 
CSU 
HSP 
MACRO 


MTS 
PIR 
WBU 


CSU 


BSU 
BBC 
Cec 
CYiuU 
PTR 


WBC 
BEC 
Cac 


WBC 
CBC 


CBC 


CBC 


'TX FLAG SET CBUFFER READY FOR A NEW 


OCTAL LISTING 


DESCRIPTION 


INTERNAL INSTRUCTIONS 

BIT BUFFER UNIT INSTRUCTIONS 

BUFFER SELECTOR UNIT INSTRUCTIONS 

CHARACTER BUFFER UNIT INSTRUCTIONS 

COMPUTER INTERFACE UNIT INSTRUCTIONS 
CONTROLLER SELECTOR UNIT INSTRUCTIONS 

HIGH SPEED PRINTER INSTPUCTIONS 

GENERAL ASSEMBLY PROGRAM MACRO INSTRUCTIONS 


MAGENTIC TAPE SYSTEM INSTRUCTIONS 
PAPER TAPE READER INSTRUCTIONS 
WORD BUFFER UNIT INSTRUCTIONS 


CONDITIONAL HALT 


ADD I TO C 
PLACE I IN C 
I AND C TO Z ONLY 


t XOR C TO Z ONLY 

I AND INTERNAL STATUS LINES TO 
CHARACTER PARITY OUTPUT 

WORD PARITY OUTPUT 

CB FF 2 AND VIORD PARITY OUTPUT 
SWITCH IS IN THE MANUAL MODE 


Z ONLY 


ARE EQUAL 


SELECT COMMAND IS COMPLETED 

CB. ‘FF 1 

CB FF 2 

PARITY FF 

I AND EXTERNAL STATUS LINES TO 
RC FLAG SET CBUFFER CONTAINS A 
RC FLAG SET CBUFFER CONTAINS A 
FLAG SET CBUFFER READY) 

READ FLAG SET CBUFFER CONTAINS 


Z ONLY 

NEW BIT) 

NEW CHAR,) 

A NEW CHAP ,) 
RC FLAG SET CBUFFER CONTAINS A NEW WORD) 

TX FLAG SET CBUFFER READY FOR A NEW BIT) 
CHAR.) 


WBC FLAG SET CBUFFER PEADY FOR A NEW WORD) 
CALL IN PROGRESS 


REQUEST ANSWER 


DATA MODE 


C-24 


Weel ~ 


[Oe ee ee 


fran pend peed fee eed ed ed feed feed 


— a) 


pst 


DATANET= 50 


OPERAND 


WN hI NO DN KH ee ed 


LN 


5 a S| 


OCTAL 


022040 


022100 


024000 
024001 
024002 
024004 


024010 
024100 
024100 
024200 
024400 
025000 
026090 
026001 
026001 
026001 


026091 


026001 
026002 
026002 
026002 
026002 


026004 
026094 


026094 
026010 
026010 


026010 
026020 


026040 


GROUP 


CBC 


CBC 


DESCRIPTION 


CARRIER ON 


CLEAR TO SEND 


DRIVE INTERNAL FUNC 


RESET CB 1 AND 2, AND RESET PARITY BIT FF 


RESET BUZZER“FLIPH=F 
SET BUZZER FLIP-FLO 


INITIATE HARDWARE L 
SELECT PERIPHERAL. C 
SELECT PEPIPHERAL C 
SET CONTROL BIT FLI 
SET CONTROL BIT FLI 
SET THE PARITY BIT 
DRIVE EXTERNAL FUNC 
PESET RECEIVE FLAG 
RESET RECEIVE FLAG 
RESET FLAG AND BUFF 


RESET FLAG AND READ 


RESET -RECEIVE-FLAG 
RESET TRANSMIT FLAG 
PESET TRANSMIT FLAG 
RESET FLAG AND BUFF 
RESET TPANSMIT FLAG 


TURN CAPRIER OFF 
TURN CAPRPIER OFF 


TURN CAPRIEP OFF 
TUPM CARRIER ON 
TURN CARRIER ON 


TURN CAPRIER ON 
RESET RECEIVE -CLOUCK 


SET EGHO MODE 


TION 


LOOP 
p 


OAD PROCESS 
ONTROLLER 

ONTROLLEP 

P-FLOP 1 

P-FLOP 2 

FLIP-FLOP 

TION 

AND DATA BUFFER 

AND DATA BUFFER 

ER, SET RECEIVE MODE 


NEXT CHAPACTER 


AND DATA BUFFER 
AND DATA BUFFEP 
AND DATA BUFFER 
ER, SET TRANSMIT MODE 
AND DATA RUFFER 


WoT 


— 


ee 


BNZ 


BMI 


. 


AMD 
ED: 
LDF 


DATANEY = 50 


OPERAND 


7 


I 


I 

FROM, TO 
FROM, TO 
FROM, TO 
FROM, TO 
FROM, TO 
FROM, TO 
FROM, TO 
FROM, TO 
FROM, TO 


FROM, TO 
FROM, TO 
FROM, TO 
FROM, TO 
FROM, TO 
M 
M 
MM 
M 
M 


M 
MM 
M 


OCTAL 


026100 


926400 
026400 


027000 
027000 


030000 


032000 
040000 
042000 
044000 
046000 
050000 
052000 
054000 
056000 
060000 


062000 
064000 
066000 
070000 
072000 
100000 
110000 
120000 
130000 
140000 


150009 
160000 
170000 
200009 
210000 
220000 
230000 
240000 
250000 
260000 


GROUP 


BBC 


CBC 


Clu 


CBC 
Clu 


BEC 


CSU 


DESCRIPTION 


RESET ECHO MODE 


ANSWER INCOMING CALL 
AUTOMATIC PRIORITY INTERRUPT THE 225 


DISCONNECT CALL 
RESET THE ADDRESS REGISTER 


SCAN BIT BUFFER UNITS 


CONTROLLEP STATUS REQUEST 
SHIFT LEFT 1 

SHIFT RIGHT 1 

SHIFT -LEFT ~6 

SHIFT RIGHT 6 

CIRCULATE LEFT 1 
CIRCULATE RIGHT 1 
CIRCULATE LEFT 6 
CIRCULATE RIGHT 6 
TRANSFER 


TRANSFER COMPLEMENT 


BIT CHANGE ZERO C8-LEVEL LINE TO 6-BIT) 
BIT CHANGE ONE C6-BIT TO 8-LEVEL LINE) 


SHE] (EER YT “SPECIAL 

CIRCULATE RIGHT SPECIAL 
BRANCH UNCONDITIONALLY 

BRANCH TO SUBROUTINE 

BRANCH IF ZERO FF IS ZERO 
BRANCH IF ZERO FF IS NON-ZERO 
BRANCH IF PLUS Fr 1S: PLUS 


BPANCH TF PLUS FF IS MINUS 

BRANCH IF EVEN FF IS EVEN 

BRANCH IF EVEN FF IS ODD 

LOAD C FROM M 

LOAD DOUBLE -- A,B FPOM M,M+1 
LOAD Z CBPANCH FLIP-FLOPS) FROM M 
LOAD 90 FROM M 

ADD DOUBLE -- ADD M,M+1 TO A,B 


LOAD T CTRANSMIT DATA DRIVEPS) FROM M 


LOAD SPECIAL FLIP-FLOPS FROM M 
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1+3N 


en en ee ee ee eee) bt pd PR fe pe of Ll 


RO BRS We RO RO OW RD FS FS Ot 


t 
oy 
om) 


OPR 


S46 
STD 
me 
CMM 
ADO 
SBO 
SF 
LDA 
CMA 
AMA 


NMA 
RMA 
XMA 
AAZ 
STA 
CAM 
AAM 
NAM 
RAM 
XAM 


NAZ 
XAZ 
LOE 
Cree 
AMB 
NMB 
RMB 

Pag 
AE zZ 
STB 


cam 
ABM 
NBM 
RB! 

XoM 
MBZ 
XB2 


GROUP 


poe eae 
5 bh! 
WFL 
WPL 


OPERAND 


MITE MOM LC 


MNEMONITC 


OCTAL 


300000 
310000 
320000 
330000 
340000 
350000 
360000 
400000 
410000 
420000 


430000 
440000 
450000 
460000 
500000 
510000 
520000 
530000 
540000 
550000 


560000 
570000 
600000 
610000 
620000 
630000 
640000 
650000 
660000 
700000 


710000 
720000 
730000 
74O0N0C 
750000 
760009 
770000 


GROUP 


HS? 


HSP 
HSP 
HSP 
HSP 


DSU 


DATANET= 50 


DESCRIPTION 


STORE C IN M 

STORE DOUBLE -- A,B IN M,M+1 

STORE ZEPO IN M 

STORE M=-NOT IN M CCOMPLEMENT M TO M) 
AND ONE TO M 

SUBTRACT ONE FROM M 

STORE SPECIAL FLIP=FLOPS 

LOAD A FROM M 

LOAD A WITH M-NOT CCOMPLEMEMT “4 TO A) 
ADD M TO A 


M AND A TO A 

MOR A TO A 

M XOR A TO A 

ADD A,M = RESULT TO Z DRIVEPS 

STORE A IN M 

STORE A=NOT IN ™ CCOMPLEMENT A TO M) 
ADD A TQ M 

M AND A TOC M 

esis ome cm @ Ns 

M XOR A TO M 


M AND A FOr :Z. ONLY 

M XOR A TO Z ONLY 

LOAD (B FiROM 

LOAD. B WITH MeNOT CCOMPLEMENT “© T0°.8) 
ADD M TO B 

M AND B TOC B 

MOR B TO B 

Pf AOR Be TO. 8 

ADD BM. = RESULT TO-Z DRIVERS 

SORE Be aie 


STORE -BaHOT Eh "CC OMe LEME. “Bi: 7-0 M9 
ADD PB TO 

M AND B TQ M 

A AVES By ST Oe IM 

> ROR sO, Gr 

Py SAR ee alo Peis ¥ 

PE OEY SR Gr ge VEDIO. 


MiGH SPEED PRINTER INS TRUCTT CRS 
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